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INTRODUCTION, 


Large quantities of American corn are normally exported to Europe 


each year. 


Investigations conducted by the United States Depart- 


ment of Agriculture have shown that a considerable amount of the 


95190°—19—Bull. 7641 


2, BULLETIN 764, U. S. DEPARTMENT OF AGRICULTURE. 


corn exported previous to the World War arrived in Europe in a 
heated, damaged, and spoiled condition." 

During the latter stages of the war the authorities who had control 
of the shipping of large amounts of corn to Europe took steps to 
insure that only such corn as would safely stand any voyage without 
spoiling was exported. Some of the requirements imposed were more 
strict than appear to be necessary under normal conditions, and, 
since such normal conditions will again obtain after the close of the 
war, the data presented in this bulletin will be of general interest. to 
the export trade. 

The carrying qualities of export corn during shipment to Europe 
depend for the most part on the moisture content and the quality 
and condition of the corn as loaded, the length of the voyage, the 
season of the year during which shipped, the weather conditions 
during the shipment, and the position of stowage of the corn in the 
vessel. In order to determine the influence of each of these factors 
under varying conditions, eight representative cargoes of corn were 
accompanied from the United States to various European ports, and 
one additional cargo (cargo No. 5) was thoroughly sampled at the 
time of loading in America and again at the time of discharge in 
Europe? In the investigations covering the cargoes which were 
accompanied to Europe, observations and tests were made daily 
from the time the corn was put into the vessels until it was discharged 
in Europe. During the loading of these cargoes, electrical resistance 
thermometers were placed at various definite positions in the corn. 
These thermometers were extended by “leads” to the deck of the 
ship so that they could be conveniently connected to a temperature 
indicator as illustrated in figure 2, thus making it possible to obtain 
a record of the changes in the temperature of the corn in the various 
positions of stowage. The temperatures were recorded each day 
that the weather permitted during the voyage. 

As the electrical-resistance thermometers were being placed in the 
corn, 3-quart samples were taken from the corn euoqneine each 
thermometer, with which to determine the changes in the quality 


1 These data are given in U. 8. Department of Agriculture, Bureau of Plant Industry, Circular No. 55. 
This publication, of which J. D. Shanahan, C. E. Leighty, and the writer are the authors, is now out of 
print. Since the investigations reported in this bulletin are a continuation of those discussed in Circular 
No. 55, the subject matter discussed in that publication regarding moisture content as a factor influencing 
the carrying qualities of export corn, germination, and fermentation in export-corn, the keeping qualities 
of export corn influenced by its position of stowage in the steamship, and the length of the voyage and season 
of the year when shipped in relation to the carrying qualities of corn has been freely used in this bulletin 
in the discussion of those factors. 

2 Cargoes Nos. 1, 2, 3, and 8 were accompanied to Europe by the writer; cargoes Nos. 4 and 9 were accom- 
panied by John H. Cox; cargo No. 6 was accompanied by Laurel Duval, and cargo No. 7 was accompanied 
by R.C. Miller, grain supervisors, formerly assistants in grain standardization. The investigations reported 
herein were made in the Office of Grain Standardization of the Bureau of Plant Industry under the direction 
of Dr. J. W. T. Duvel, crop technologist in charge. Since July 1, 1917, the grain standardization investiga- 
tions of the Department of Agriculture have been administered by the Bureau of Markets in connection 
with the enforcement of the United States grain standards Act, 
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and condition of the corn during the voyage. One-half of each 
sample was retained for analyses and the other half put into a “trap” 
or crossed, wire container, which was then fastened to the thermometer 
and recovered, as the corn was being discharged in Europe. The 
purpose of using the wire containers was to secure certain definite 
samples with which to correlate the effects of the changes in tempera- 
ture during the voyage on corn differing in moisture content and the 
degree of soundness at the time of loading. As will be shown later, 
the corn in the various vessels at the time of loading varied consid- 
erably in the factors of quality and condition. Likewise, a large 
proportion of the corn became hot and damaged while it was in the 
vessels. The records show that the quality and condition of the 
corn at the time of loading, the position of stowage in the vessel, the 
length of the voyage, the season of the year during which the corn 
was shipped, and the weather conditions during the voyage, each 
influenced, to a great extent, the carrying qualities of the corn during 
the time it was in the vessels. 


MOISTURE CONTENT AS A FACTOR INFLUENCING THE CARRYING QUALITIES OF EXPORT 
CORN. 

The moisture content of corn, and of other grains as well, is the 
primary factor determining their capacity to carry safely in ocean 
transit without deterioration. Corn in which the moisture content is 
sufficiently low will carry safely under ordinary conditions of ocean 
transit for any reasonable length of time during any season of the year, 
no matter where it is stowed in the vessel, while corn containing a high 
moisture content is constantly in danger of heating at any time 
owing to a variety of contributing eauses. Thoroughly air-dried 
corn contains from about 12 to 13 per cent of moisture. Such corn 
may be shipped for export at any time under ordinary conditions 
with little or no danger from heating in transit, and this is practically 
true also of corn containing up to 14 per cent moisture provided 
fermentation has not started. The fact that certain lots of corn con- 
tain higher percentages of moisture does not necessarily mean that 
they will not stand ocean shipment safely. The corn may be per- 
fectly sound, the voyage may be short, the air temperature at the 
time of loading and during the voyage may be low, no disturbing 
influence such as heat radiating from the ship’s boilers and engine 
rooms and shaft tunnels may be encountered, and the corn kept 
practically in cold storage. Under such most favorable conditions, 
corn with a relatively high moisture content may sometimes be 
safely carried. Cargoes of such corn are often landed upon. the 
quays in Kurope in a perfectly cool condition, which corn, upon being 
exposed to warm atmospheric conditions often becomes hot and unfit 
for reshipment in a short time. When corn ‘‘goes out of condition” 
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the effect of its relative moisture content immediately becomes 
evident. Corn with a low moisture content requires a much longer 
time to reach that stage designated as ‘‘hot” or to become discolored 
or ‘‘damaged” by the process of heating, than corn with a high 
moisture content, while corn with a high moisture content will heat, 
become discolored, and lose weight by evaporation quickly, and the 
processes of deterioration are accelerated with each additional per 
cent of moisture much more rapidly than the proportionate increase 
in the moisture content. When corn of a low moisture content is 
found in a heating condition, it ean ordinarily be restored to a cool 
condition with but a slight amount of handling and ventilating and 
without much, if any, loss in value through discoloration, while corn 
with a high moisture content, when heated in any considerable bulk, 
quickly becomes badly discolored and damaged and is restored to a 
cool condition with great difficulty and a great amount of handling 
only with more or less damage to its quality and a corresponding loss 
in value. 

It will be noted from the following charts and tables that many of 
the samples showed a higher moisture content at the time of discharge 
in Europe than the corn had at the time of loading. It is not thought 
possible under ordinary conditions of ocean transportation for corn or 
other grain, confined as it is in the holds of ships, to take on moisture 
from the air, as grain from semiarid regions is said to do when other- 
wise transported to more humid regions. This is especially true when 
the moisture content of the corn as shipped is high. There are two 
means by which the moisture content in any part or the whole of the 
ship’s corn cargo may be increased during transportation: (1) 
Transfer of moisture by air currents caused by changes in temperature, 
and (2) by chemical changes within the corn kernel. As to the first 
means, corn containing excessive moisture and situated so that the 
moisture can escape when subjected to heat, will give off moisture and 
become drier. The moisture thus given off in a ship’s hold, in case 
the temperatures in the hold are not uniform, finds its way to the 
usual air space above the corn and under the deck, passing thence as 
water to other parts of the hold where it condenses on the cooler corn, 
the cooler deck, and the sides of the ship. This process, augmented 
as time goes on by the second means, may increase considerably the 
moisture content of the corn in some portions of the hold or cargo. 

The second means by which the moisture content of the corn may be 
increased is by the change in the chemical composition of the kernel, 
the effect of which is more evident in corn that is heating badly. Con- 
ditions of temperature and moisture may be favorable in some part of 
the cargo for fermentation to begin and to continue with more or less 
vigor. The heat generated in this process is gradually transmitted to 
the surrounding portions, starting and increasing fermentation, which 
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decomposes the grain and liberates its water of composition, thus 
increasing the amount of moisture in some portions or in the whole 
cargo, if conditions are not disturbed, without any addition whatever 
of moisture from outside sources. From these causes, the grain in 
many of the shipments examined was found to be damp and heating 
at the top, while that beneath was cool, and the iron decks and sides 
of the ship were found to be quite wet from the condensed moisture 
from the heating corn. 


GERMINATION AND FERMENTATION IN EXPORT CORN. 


In the grain trade the germinating season, so called, is said to be a 
special season in the year during which grain is customarily planted 
in the ground. The limits of this season are generally understood 
to extend from the middle of March to the middle of June. It is 
generally believed that there is a natural and inherent tendency in 
grain to germinate during that season and that the heating of grain 
in storage and in transit during those months is due primarily to 
this tendency. Sprouted corn was occasionally found in the cargoes 
examined, but only at the top of the bulk, where considerable addi- 
tional moisture had been supplied, either through condensation as 
described elsewhere or from outside sources, and where the corn had 
access to fresh air. In order that corn, or any of the grains, may 
germinate, there must be present: (1) Air or ogygen, (2) heat, and 
(3) moisture. If one or more of these are absent, germination will 
not take place, but if all are present at the same time and in sufficient 
quantities and the germ of the corn be alive, germination will take 
place, regardless of the time, the place, or the season of the year. 
There can be no doubt that the same conditions of temperature and 
moisture that favor germination or the active growth of the germ of 
the grain, are favorable also to the growth of molds and bacteria as 
well as the production and action of certain ferments and enzymes 
which have the power of changing the composition of the grain 
kernels and which in their action produce heat sufficient to cause the 
heating of the grain. Fermentation is the principal danger to which 
damp grain in storage or in transit is exposed. Corn in which 
fermentation has begun need not necessarily be hot or even perceptibly 
heating, but the action is usually indicated by a peculiar, faintly sour 
odor present. The presence of this odor should serve as a warning 
to the shipper or handler of grain, because corn in which the odor is 
present soon becomes hot if not frequently and thoroughly ventilated, 
especially if its moisture content is high. The process of fermentation 
develops acid within the corn kernel, and the degree to which fermen- 
tation has taken place in any given lot of corn may be very closely de- 
termined by the acidity test and is expressed in this publication in terms 
of ‘acidity c.c.’) The maximum limit of acidity allowed by Austra- 
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lian and Italian law in corn to be consumed for human food is 30 e. ¢. 
and this is also the maximum limit allowed by the pure food board 
of South Carolina in corn entering that State. Corn testing over 
30 ¢. ¢. in acidity is such that no reputable grain man in this country 
would class it in any of the numerical grades. In several hundred 
samples of corn tested by the department, corn on the farms averaged 
18.1 ¢. ¢., corn received at terminal markets 20.4 c. c.,! and the corn 
discharged at foreign ports averaged 30.4 c. c. in acidity. It will be 
of interest to note that of these samples, those taken from the farm 
tested 76.5 per cent in germination, samples received at terminal mar- 
kets tested 58.8 per cent in germination, and samples taken at foreign 
ports tested 31 per cent in germination, showing that there is a close 
relation between the soundness of corn as determined by the acidity 
test and its viability.’ 

THE KEEPING QUALITIES OF EXPORT CORN INFLUENCED BY ITS POSITION OF STOWAGE 

IN THE STEAMSHIP. 

Practically all of the corn that is exported to Europe from the 
United States is carried in bulk, with the exception of small quanti- 
ties placed in sacks, which are used for trimming the cargo in order to 
prevent the bulk grain from shiftimg with the rolling and pitching 
of the ship. When the corn is thoroughly air-dried, it is not a matter 
of great importance where or how it is stowed, as long as it does not 
come in contact with the sea water, green or wet shifting boards, 
or damp or wet freight or wet lumber, etc. Where the shipments of 
corn contained a percentage of moisture much above that of thoroughly 
air-dried corn, it was found that at least some of the corn was often 
in a heating condition at the time of discharge. Where the heating 
occurred in positions of stowage free from the engine and boiler-room 
bulkheads and the shaft tunnels, the greatest heat and the most 
severe damage were found at the surface, the less heat and the less 
degree of damage the farther the distance down in the hold. When 
the damaged corn was located in that section of the ship contiguous 
to the boiler and engine-room bulkheads or to the propeller shaft 
tunnels, the greatest heat and the most severe damage were found 
nearest to those bulkheads and shaft tunnels, and the less heat and 
less degree of damage the farther the distance from them. The usual 
situation in such cases is clearly indicated in figures 17 and 54. 


LENGTH OF THE VOYAGE AND SEASON OF THE YEAR WHEN SHIPPED, IN RELATION TO 
THE CARRYING QUALITIES OF CORN. 


It appears from these investigations that if the corn when loaded 
in the ships is sound and dry, the length of the voyage has little or no 


1 The method of determining the acidity of corn is given in Department of Agriculture, Bulletin 102, 
entitled ‘‘ Acidity as a factor in determining the degree of soundness of corn.”’ 

2 The germination tests given in this report were made by the Seed Laboratory of the Department of 
Agriculture. 
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effect on its condition, but when it is shipped with a high moisture 
content and is stowed in such a way as to be subjected to heat from 
the inside of the ship, or is shipped during warm seasons of the year 
when it is subjected to considerable heat from the atmosphere and 
water, the length of the voyage is a very important factor, especially 
if the heating begins early in the voyage, in which case the heat is 
gradually diffused with each succeeding day and a higher temperature 
by action of ferments and enzymes, is developed in the corn already 
hot. Thus, with each succeeding day, more of the sound corn begins 
to heat and the corn already heating becomes more severely damaged. 


CARGO No. 1. 


Cargo No. 1 consisted of 240,000 bushels of corn, which was dis- 
charged, at three ports in Denmark. The grain was loaded on the 
6th, 7th, and Sth of March, 1910. The vessel sailed on the 8th of 
March and arrived at Copenhagen April 1, where the discharge of the 
corn was begun on April 4. The last of the corn in the vessel was 
discharged at Aalborg on April 15. The length of the voyage to 
Copenhagen was 24 days. The average time the corn was in the 
vessel was 34 days and the maximum time 41 days. 


DESCRIPTION OF THE CORN. 


The cargo contained four lots of corn, each of which was quite 
distinct in quality and condition from the others. For the purpose of 
designating these lots in the following pages, they will be called natural 
“Southwestern,” natural ‘‘Central,” dried “‘A,”’ and dried “‘B”’ corn. 
Although the origin of each lot could not be definitely determined, the 
most reliable data available show that the corn designated as natural 
“Southwestern” was grown in the southwestern part of the corn belt, 
presumably in Texas and Oklahoma; that designated as natural 
“Central’’ originated in the central part of the corn belt, probably 
chiefly in Illinois; the lots designated as dried ‘‘A”’ and dried “B” 
were from the same section as the natural ‘Central’ corn, but had 
been artificially dried. 

STOWAGE OF THE CORN. 


As is shown in figure 1, each cargo hold of the vessel was filled with 
corn, except hold 1, which had an air space on the top of the corn of 
about 4 feet on the port side and of about 6 feet on the starboard side 
of the shifting boards. Holds 1 and 2 contained only natural “Cen- 
tral” corn. Hold 3 contained both natural “Central” and natural 
“Southwestern” corn. The natural “Southwestern” corn, amounting 
to about 6,000 bushels, was stowed, near the central part of the hold 
under the middle and after hatches, and the natural “Central ’’corn 
was stowed, both immediately above and below the natural “South- 
western” corn. Hold 4 contained natural ‘‘Central” and the two 


/ 
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lots of artificially dried corn, the natural ‘‘Central”’ being stowed in 
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The heavy shading represents heat-damaged corn as 


Fig. 1.—Diagram showing the arrangement of the steamship and the stowage of the four lots of corn in the holds. 


discharged. 


the upper part of the hold directly un- 
der the forward hatch, and separated 
from the dried corn by wooden staves 
and a tarpaulin. The dried “A” corn 
was the upper portion of the dried corn 
under the two forward hatches of hold 
4, and the dried “B”’ corn filled the 


remainder of the hold. 
CONDITION OF THE CORN AS LOADED. 


The ranges in the more important 
factors, showing the quality and con- 
dition of the four lots of corn as loaded 
and as discharged, are shown by holds 
in Table 1, while the detailed analyses 
of the samples taken from each lot of 
corn are shown in Table 2. From 
these two tables it will be seen that 
there was a marked difference in the 
quality and condition of the four lots 
of corn at the time of loading, each lot 
considered separately, however, be- 
ing quite uniform throughout. The 
average condition of each of the four 
lots of corn as loaded is shown in Ta- 
ble 3. Asseen in Table 3, the natural 
‘Central’? corn contained the most 
moisture, the average being 18.7 per 
cent. The natural ‘‘Southwestern”’ 
and the dried ‘‘A”’ corn were both rela- 
tively low in moisture content, the 
averages for these being 14.7 per cent 
and 14.9 per cent, respectively, while 
the dried ‘‘B” corn averaged 16.3 per 
cent. The average germination was 
the highest in the natural ‘‘Southwest- 
ern”’ corn, 84 per cent, and the low- 
est in the dried ‘‘B”’ corn, 32 per cent. 
The averages for the natural ‘‘Cen- 
tral’’ and the dried ‘‘A’’corn were 51 
per cent and 50 per cent, respec- 
tively. The dried ‘‘B” corn con- 
tained the highest degree of acidity, the 


average being 27.5 c. c., and the dried ‘‘A” corn contained the 
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lowest, the average of which was only 22.5 c.c. The average acidity 
for the natural ‘‘Southwestern”’ and the natural ‘‘Central’”’ corn was 


25.8 and 26.6 c. c., respectively. 


Taste 1.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 1, as loaded and as discharged by holds. 


; Re aes Weight 
‘ Temper-,| Moisture. «as Germi- | Sound 
Holds. ature. | content. ENE nation. | kernels. DEE 
bushel. 
Hold No. 1: 

Natural ‘‘Central’’? corn— aie Per cent. C.'C: Percent.| Per cent. | Pounds. 
Asiloadede 2.2. .j. ae EE 53- 59 | 18.4-19.3 |21.0- 28.5 45-72 | 85.2-98.7 | 50. 5-53.0 
‘Asidischarged= 2-4-2 2e-----ssss-" 60-143 | 17.5-23.1 |24.0-101.0 0-80 0-90.1 | 45. 5-55.3 

Hold No. 2: 

Natural ‘‘Central’’ corn— 

INSHORE ese cht ee cee aus ce 50- 58 | 18.6-19.9 |21.0- 32.0 28-66 | 90. 6-96. 4 | 51.5-53.5 
ASTOISCHALBeG sa. see cee - Saban 67-140 | 18. 6-20. 2 |25.5- 52.0 0-79 0-94.6 | 47.0-53.8 
Hold No. 3: 

Natural ‘‘Central’’ corn— 

AGH oadedyAs.5-- hr Goel. =. bse ee 50- 63 | 17.6-19.2 |22.0- 30.0 35-62 | 91. 7-97.2 | 52.0-54.0 
AS ISCHATPEd a5. 5. scse- --baeas = 55-136 | 18.8-25.8 |25.5- 79.0 0-77 0-89.8 | 42.5-52.0 

Natural ‘‘Southwestern’’ corn— 

INSMNoade die cscs hace aos -cleoeeeee 59- 59} 13.9-15.1 |22.5- 30.0 77-88 | 94.6-98.9 ! 52.5-58.5 
Asidischarged =. -/.5-8 oe - = /Joho-2 68- 94 | 14.9-16.4 ]23.5- 26.5 49-82 | 96.3-97.8 | 52. 5-52.5 
Hold No. 4: 

Natural ‘‘Central’’ corn— 

INsSRoadedtst...- < 4-4. oe. - 5 yee eee 59- 59 | 18.8-18, 8 |28.0- 28.0 56-56 | 95.9-95.9 | 53.5-53.5 
Wisidiseharged :<....42 00% 2): eee 144-148 | 17.8-46.2 |38.5- 60.5 O- 0 O- 0} 48.5-48.5 

Dried ‘ A’’ corn— 

UNIT AVG Lee LA es es ae eg 62- 62 | 14.9-14.9 |22.0- 23.0 49-51 | 96.7-97.4 | 53.5-54.0 
Alsidischarged.: 2232-8 0. --eecinc 79- 80 | 15.7-17.1 |27.0- 28.0 36-59 | 90.6-94.1 | 51.0-51.5 

Dried ‘‘ B’’ corn— 

Asiigaded!. 852.2. <3 et -= aoe 62- 67 | 15.8-17.2 |23.0- 32.0 22-45 | 77.6-94.1 | 50.0-53.5 
Asidischarged $42.2 jf .2. fas-2- 74-144 | 14.5-25.1 |27.5- 49.0 0-25 0-88.9 | 48. 5-52.8 


Considering all the factors for each lot of corn, it is seen, as far 
as the three factors of moisture, acidity, and germination are con- 
cerned, that the natural ‘‘Central’’ and dried ‘‘B”’ lots were both 
poor in quality and condition when loaded. The natural ‘‘South- 
western”? and the dried ‘‘A”’ corn were both in good condition, 
having a low moisture content, and were likewise better than either 
of the other two lots in the factors of acidity, germination, sound 
kernels, and weight per bushel. 

As brought out somewhat in detail in the following discussion, there 
was a close relation between the soundness and condition of the corn 
at the time of loading and its behavior during the voyage. 


TaBLe 2.—Condition of the natural “ Central,”’ natural “Southwestern,” dried “A,” 
and dried ‘‘ B’’ corn as loaded. 


Mois- Dirt =. 
Sam- | Tem- . sla Badly | Weight 

Hota, ple | pera | tare | Acid: |Germi| Sound | and, |broken| per 
No. ture. cents Tani. kernels.| bushel. 


°F. | Per ct.| c.c. | Perct. | Per ct. | Per ct. | Per ct. | Pounds. 

1 18.5 24.0 56 94.2 pst 5.1 52.5 

2 18.5 25.0 59 95.6 .6 3.0 52.0 

3 18.8 DIO Garceeieas 98.7 .0 3.0 52.0 

Hold 1, natural “Central” 4 1| 55 59 18.6 25.0 72 96.2 a3 3.6 52.0 
POT. =: 8 et F322. 24 Be 5 ; 18.5 28.5 67 96.3 72 2.9 53.0 

6 18.5 26.5 60 90.6 4 2.9 52.5 

i 18.4 25.0 66 96.1 8 ber 53.0 

8 19.3 26.5 45 85.2 | Ati) 3.5 50.5 
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TaBLE 2.—Condition of the natural ‘‘Central,’’ natural ‘‘Southwestern,’’ dried ‘A,’ 
and dried ‘‘B”’ corn as loaded—Continued. 


; Mois- Dirt 

Hold. as noe ture | Acid- | Germi-| Sound | and peel es: 

No. | ture. pre ity. |nation. | kernels. sore kernels.| bushel. 

OUR Perct.| c.c. | Perct. | Perct. | Perct. | Per ct. | Pounds. 
9) IOUT) MogeR ale he tee 90. 6 eS 3.1 52.0 
10 | 19.5 | 32.0 28 | 92.0 15 2.7 51.5 
i 18.6 | 25.5 37| 95.4 15 2.5 52.5 
12 19.2] 21.0 43 | 95.6 ‘4 3i4 52.0 

13 18.9] 28.5 36.| 95.5 ‘5 3.0: (5.2 eae 

14 18.8 27. 5 47 93. 5 a 94) eae 
det ‘i 33 15 18.6| 27.0 57 6.4 4 3.1 53.0 
Hold. Aqnatorat ~,Centzal 16 |\ 50-58) 18.7| 25.0 66| 95.0 oa ee! 53.0 
Soe «eee ce 17 18.7 | 26.5 39} 92.5 ‘3 2.8 52.0 
18 18.7 | 25.5 44| 94.4 Wil 4.4 52.0 
19 19.9| 26.0 46| 92.4 1.5 4.5 52.0 
20 18.6 | 27.0 48 | 95.1 15 5.9 53.0 
21 18.8] 26.5 46| 94.6 a 3.4 53.0 
22 18.6] 29.5 46| 94.2 ‘5 3.7 53.5 
23 | 18.7| 25.5 56 | 96.0 1.0 3.6 52.5 
(ee : 24 59| 13.9] 22.5 8g] 98.9 aa 4.5 53.0 
Folds pandrely-pouliyest: 4 25 59) 15.1] 25.0 SA een Noted 53.5 
-teaices sande tices 26 59| 15.0! 30.0 779406 3.3 6.9 52.5 
27 18.8] 30.0 35 | 93.6 wf 3.9 52.5 
28 19.2] 26.0 52 | 96.2 12 1.4 52.5 
29 18.7| 27.0 46] 91.9 ig 2.3 52.0 
30 18.5] 30.0 45| 95.8 ig 1.4 52.5 
31 18.5] 28.5 39 | 95.2 4 3.8 53.0 
32 18.4] 25.0 52 | 97.2 4 2.6 52.0 
33 18.6] 29.5 57 | 93.8 a3 2.6 52.5 
34 17.6] 27.5 49 | 92.4 14 2.4 53.0 
Hold 3, natural ‘Central’’ 35 50-63 18.7 22.0 52 96.1 ll 1.6 53.5 
COLT) ea ties Ne aaah 360|(tenaes 18.9 29.0 57 93.3 a2 2.2 53.0 
37 18.5] 28.5 55] 94.6 6 5.1 54.0 
38 15°38) 28.040 8 94.9 12 3.8 53.0 
39 19.0] 26.5 52| 94.1 3 3.2 53.0 
40 18.0| 26.0 62| 91.7 ‘4 1.6 52.5 
41 ARES DAYS clusee As 95.0 a 3.2 52.5 
42 18.6 | 28.0 50 |. 93.4 18 3.4 52.0 
43 18.3| 24.0 61 | 96.0 i) 3.0 52.5 
44 18.7 |% 96:5 59 | 96.8 xe 943 52.5 

Hold 4, natural ‘Central’’ 

COLN Se ie 3) ene Sa 45 59 18.8 28.0 56 95.9 Be) Bb Da00 
ie Aor 46 62] 14.9] 22.0 51] 96.7 .2 3.1 53.5 
Hold 4, dried “A” corn... ..- Vesharlid’ Spee 14.9] 23.0 49 (97.4119 do0da eo 54.0 
48 | 16.1] 29.5 22} 92.4 .6 4.6 53.5 
49 | 16.3] 27.5 97| 90.1 4 4.4 53.0 
50 16.1] 25.5 32| 91.2 ‘4 38 53.5 
51 16.3| 27.5 38 | 89.0 12 2.7 51.0 

Bye ee ill eae 16.4] 28.0 29 | 86.6 ; 1.4 : 
Hold 4, dried “B”’ corn..... 53 |f ©2-67 ) 37.2] 32:0 25) Ra ae 1206 |= gee 50.0 
54 16.8| 25.0 37 | 90.7 7 2.7 53.0 
55 15.9| 28.5 35| 91.3 1.2 8.0 53.0 
56 15.8| 23.0 31| 77.6) 16.0|.. 20.2 53.0 
ei 16.4] 28.0 22 | 94.1 6) 5.0 52.5 


TABLE 3.—Average condition of the four lots of corn as loaded. 


ar Mois- Dirt > 
Kind of corn Hold oe ture Acid- Se mi- He ound f and foe ee 
Fi ; No con- ity. | nation. /|kernels.| foreign |, 

ture tent matter.| <e™els-| bushel. 

°F. | Perct.| c.c. | Perct. | Per ct. Per ct. | Per ct. | Pounds: 
1 56 18.6 25.2 61 94.1 0.5 3.4 pee 

T SU oon 2, 55 18.9 26.8 46 94.2 50) 3.4 52. 
anural | Centrale eo- oe 3 55| 18.6| 27.2 B1i| 94.6 °3| 28) 52.7 
4 59 18.8 28.0 56 95.9 A) 3.2 53.5 
Total natural “Central”.....|....... 55 | 18.71 26.6 Bl | 94.4 44) tough 52.5 
Natural ‘‘Southwestern”’.._. 3 59 14.7 25.8 84 97.0 U8 6.2 53.0 
Dried) *SAU2s eee bg ee 4 62 14.9 22nD) 50 97.0 .6 4.6 53.5 
Dried! Bv2n Nae ees Oa, 4 64 16.3 205 32 88.7 3.4 6.2 52.5 


| 
| 
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TEMPERATURE CHANGES DURING THE VOYAGE. 

The first readings of the resistance thermometers were made on 
March 8, just after the ship left the dock at the beginning of the 
voyage. With the exception of a few stormy days, readings were 
made for 25 days thereafter, or until April 2, the day after the ship 
arrived at Copenhagen. The manner of reading the temperatures of 
the electrical resistance thermometers is illustrated in figure 2. The 
temperature of the corn at the time of loading varied from 50° to 67° 
Fahrenheit. During the voyage much of the corn became very hot. 
The changes in the temperature of the corn varied considerably in 
the different positions of stowage and were influenced by the quality, 
condition, and tem- 
perature of the corn 
when loaded, the boil- 
er heat, the air and 
water temperatures, 
and the position of 
stowage in the ship 
with reference to 
height from the bot- 
tom of the holds. 

The air and water 
were generally of 
about the same tem- 
perature, save during 
the latter part of the 
voyage, when the air 
was usually colder 
than the water. The 
water temperature Fic. 2.—Reading the temperature of an electrical resistance thermome- 
varied considerab1l y ter during the voyage. 
at different stages of the voyage, depending on whether the ship was 
in harbor, the Gulf Stream, the arctic current, or in the North Sea. 


INFLUENCE OF WATER TEMPERATURE. 

The outside walls of the ship consisted of plates of steel, against 
which the outside layers of the corn rested without any protection. 
Steel being a good conductor of heat, the temperature of the corn 
stowed contiguous to these walls was nearly the same as that of the 
water, as is shown by the temperature records of thermometer 17, 
figure 5, and thermometer 31, figure 8. The temperature of the corn 
located a little further in was less affected, as is shown by the temper- 
ature records of thermometer 4, figure 3, thermometer 7, figure 4, and 
thermometer 29, figure 6. The influence of the water temperature 
gradually decreased with the distance from the sides. The same 
relation existed with reference to the temperature of the corn located 
in the bottom of the holds, but not to the same extent as along the 
sides because of the air space in the ballast tanks and also because 
the bottoms of the holds were covered by a wooden flooring. 
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Tasie 4.—Condition of the natural “ Central,” natural “Southwestern,” dried “A,” 
and dried “ B’’ corn as discharged in Denmark—samples taken in order in the holds 
from top to bottom. 


Mois- Dirt ‘ 
Sam- | Tem- ea oe Badly | Weight 
Hold. ple | pera | fre | ee a eeand | sate, [broken | per 
No ture. rent ° : ' matter! kernels.| bushel. 
°F. | Perct.| c.c. | Perct. | Perct.| Perct. | Per ct. | Pounds. 
58 (433 ees 49.0 1 0 0.1 16) = eee 
59 138 || $2350)" 100 0 0 3 1.4 ||) 32 pee 
60 140| 17.6] 46.0 0 0 olf 4.3) eos 
61 140| 17.5] 50.0 0 0 1.8 4.1 45. 50 
62 132) | pee 38.0 10| 54.7 58 5.1 48. 00 
63 130] 17.9] 43.0 1 10.2 6 5.7 47.25 
64a noe ee whe 28.5 HE 7) 4 2.6 49. 00 
? 3 65 130| 19.2] 43.5 0| 25.4 4 3.6 47.00 
Hold 1, natural ‘Central 66] 100] 19.5| 280 49 | 85.3 4] 2.9] 50.75 
(ANBAR ESOC RR EOS CRC Boise 67 75| 19.4] 25.5 54] 65.4 3.0 6.5 50.75 
68 112)|) “WRhsalee2se5 57 | 59.4 4 4.7 49. 00 
69 92 19.7| 27.0 Bay sake 2.8] 10.2 51.25 
ZONPe eee 17.8] 35.0 0 0 5D 3.5, ope 
ils) eee 18.8] 24.0 65 | 80.2 5 2.0 52. 00 
72 65| 19.2] 24.0 80| 66.4 1.9 SN7 53.00 
73 67 19.2] 26.0 70| 72.0 .6 5.9 55. 25 
74 GON = 196259 2785 66| 90.1 aT 5.7 52.00 
75 140) 19.7] 43.5 0 0 2 2.8 47.75 
76 134 19.8| 52.0 0 0 9 3.5 47.00 
17 110) |) 2025 S180 in| 983.7 5 Weed 5 Se 
ae 2 Sane an 23 Ss = i P| ee 
‘ ” 1 186 |" Sik 30 1.6 6 3.6 50.00 
Hold 2, natural “Central 80 87 | 19)24| =. 34.5 8| 63.0 2] a2 |) See 
(U8 See ASOD ICE GE Roe 81 77 10 Dy ee ret ets os oe | cco ees organ 51.75 
82 Gals eLOe ts ee 2880 50| 73.3 ats 7.6 51.25 
S3altonse.es 19.0| 27.0 77| 94.6 5 7.0 53.75 
84 67} 19.5] 29.0 60| 87.4 5% 5.7 51.25 
Shite 19.4| 25.5 79| 91.4 oo) 5.3 53.00 
e : 86 94] 14.9] 26.5 49| 96.6 a0 60) | Acie 
Hold 3, natural “Southwest 87 73) 15.9|° 23.5 71 96.3| 7) 5.4) ceeee 
SHG a EOE SSE ORC Seo Roe 88 68 16.4| 24.0 82] 97.8 6 4.7; |: 4.09ais 
89) remote 20.1 32.5 28] 43.2 Stl 2.7 48. 50 
90 136 18.9| 48.0 0 0 5 aril 46. 50 
91 130} 25.8] 79.0 1 0 5 1 42.50 
92 130] 19.2] 40.5 0 0 il 2.6 46. 00 
93 130] 20.3] 42.0 0 0 8} 2.8 44. 50 
94 129] 188] 42.0 0 0 oil 3::9)| Sarees 
95 1195 | teen Ota a0 0| 83.4 Si 25014 Lise 
96 124] 19.0} 45.0 0 0 ne 1.4 |es eee 
Hold 3, natural “Central” 97 118 19.1 35. 0 0 69. 7 1.0 2.6) || 32 ae 
CORR aoe eee eee 98 ZOuig 20s Lie 3380 31] 44.7 gil Ey Gl eee rac 
99 95| 18.9] 41.5 0 0 1.8 4.4 | aR Ea 
100 P|) TOR ORG TE \. WOS 5 5.2 50. 00 
101 81] 20.0] 30.0 ABI S748 a 4.7 51. 50 
102 67| 20.2| 26.5 52| 89.8 ail BE eee oe 
103 55| 19.5] 27.0 63 | 87.1 ID 3.9 51.75 
104 55| 19.0] 27.0 73| 68.5 1.0 4.2 52. 00 
105 70| 19.5] 26.0 64] 75.8 aD 3.0 51. 50 
106 67| 189! 280 63! 68.4 32 Pil tel ess 5 ae 
Hold 4, natural ‘‘Central’’ { 107 144 17.8 38.5 0 0 -3 4.8 48. 50 
Corny Jahs seis ee EL as 108 148 46. 2 60.5 0 0 ON), cae Hee ee eee 
SRP he ees 109 80:|| Patz |! <2 27:0 36] 94.1 ) 5.2 51.50 
poe tag tees ee SESE ST { 110 79| 15.7] 285 59| 90.6] 1.6] 10.2] 51.00 
111 144] 25.1] 49.0 0 0 7, 5:7 |e 
112 142] 16.9] 43.0 0 0 1.6 Fath emery i 
113 125| 14.5] 39.0 0 0 .6 5.2 51.75 
114 136] 14.5] 39.0 2 0 2.0 9.6 51.75 
115 135| 15.9] 53.0 0 0 3 6.5 49. 50 
116 90| 15.2] 34.5 21| 45.0 4 5.7 51.75 
117 124)| Se cepeee 48.0 0 0 6 6.0 50. 50 
118 125| 16.6] 43.5 0 0 aif ano 49. 00 
Hold 4, dried ““B” corn. ..... 119 129) 16.9] 33.0 2 0 3.5 7.9 51. 50 
120 90| 15.2] 34.5 0| 63.9 aS 5.6 48. 50 
121 110) 15.5] 40.5 0 0 2 3.7 48. 50 
122 120 eet a4aN0 0 0 oo Mo 50. 50 
123 ALON |S) 7 Uh) oN 3450 0} 56.1 259 7.9 52.75 
124 89| 16.8] 32.5 24] 8&9 5) 5.7 50. 50 
125 80] 15.5] 34.5 24] 82.1 6 4.6 50. 00 
126 Fa lip Wns) | 27a5 25) 76.2 59 127 51. 50 
127 11414. PSE 35.0 0 0 9 3.4 48. 75 
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TEMPERATURE CHANGES IN TOP AND BOTTOM OF HOLDS, 


With reference to the temperature changes in the corn located in 
the upper part of the holds as compared to the temperature changes 
in the corn in the middle and bottom parts, it will be seen in figures 
3 to 6 and Tables 7 and 8, that the corn in the upper part of the holds 
began to heat first and had the highest temperatures at the end of the 
voyage. The corn 


3 : ss tated NORFOLK ATLANTIC OCEAN LOT SEE 
just below the top SB INMU RI KAUEUITFB ND oo 27 22 23 24 a= 27 23 29 30 787 


layers was the next 
to begin to heat and 
had the next highest , 
temperature at the 
end of the voyage. 
This order held 
true with consid- 
erable regularity 
through to the corn 
in the bottom por- 
tion of the holds, al- 
though not to such 
a great extent where 
there were outside 
influences, such as 
the temperature of 
the sea water, which 
affected the corn 
stowed near the sides 
of the ship, and the 
heat from the boilers, 
which was transmit- 
ted through the boil- 
er-room bulkhead. 
Thus, in the natur- 
al Central’ corn in he 
Fic. 3.—Hold 1: A, temperature records of the electrical resistance 
hold 1 (ther mometer thermometers; B and C, location of the (1) resistance thermome- 


No. 1 fig. 3) the tem- ters in the hold; (2) samples secured in Denmark; (3) the damaged 
4 corn as discharged in Denmark. (Cargo No. 1.) 


78 PP 
COP dE EA Raa ae 


TEMPERATURE 
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perature of the corn 
in the top portion began to increase from the beginning of the voyage 
and had a temperature of 142.5° F. at the end of the voyage, which was 
an increase of 83.5° F.; while the corn located about one-third of the 
distance down in the hold (thermometer No. 2) did not begin to show 
a rapid daily increase until about the thirteenth day out, and had a 
temperature of only 103.5° F. at the end of the voyage, an increase 
of 47.5° F. The corn in the bottom layer had a temperature of only 
55° F. at the end of the voyage, as shown by the temperature record 
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for thermometer 4, figure 3. The corn in this position did not be- 
come hot and actually showed a lower temperature at the end of the 
voyage than during the middle of the voyage, because of the influence 
of the water temperature. The same order prevailed in the natural 
“Central” corn in the other holds in which it was stowed, although 
the temperature in each relative position varied somewhat in the 

: various holds. The 


Po Areas nomen Spree as orm enw viatural ‘‘Southwest- 
MARCH. eietert reps »)>) = 
9 10 Wf 1213-14-15 ‘16 17 18 19 20 21 22 23 24 25-26 2728293 R 1 2 ern corm 1n hold 3 
waa] cS : aed 
alc and the dried ‘A”’ corn 
a AL under the forward and 
K no middle hatches in hold 
aij: a ; 
t 4, as is shown by the 
S , temperature records 
s mi for thermometers 11 
kK . 
i re and 30 in figures 5 and 
a 7, did not become hot 
Pla) 


during the voyage for 
reasons explained else- 
where. 

The upper portion 
of the dried ‘‘B” corn 
immediately under the 
dried ‘‘A”’ lot in the 
forward part of hold 4 
(sample 115, fig.6) had 
a temperature at the 
end of the voyage of 


SALOON 


ver pacy a 135° F., as against 
Ley 113° F. for the corn in 
ofE $i Nek cd the bottom of the hold 


(thermometer record 

23, fig. 7). This same 

relation held true for 
= a ‘c ”) 

Fig. 4.—Hold 2: A, temperature reccrds of the electrical resistance the di led B comm 


thermometers; B and C, location of the (1) resistance thermome- Jocated under the after 
s in the hold; (2) ss 1 ‘ din D k; (3) the damaged : 
ters in the hold; (2) samples secured in Denmark; (3) the damage hatch, as is shown by 


corn as discharged in Denmark. (Cargo No. 1.) 
the. temperature rec- 
ords of thermometers 21, 22, 26, and 29, and also for the corn located 
against the boiler-room bulkhead, although the latter was affected 
by the heat from the boilers. The above condition is almost invari- 
ably true in all cargoes containing heating corn. 


H GALLAST TANK. LOVGITUOINAL SECTION. 


INFLUENCE OF BOILER HEAT, 


The heat generated in the boiler room exerted considerable in- 
fluence on the temperature of the corn stowed contiguous to the boiler- 
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room bulkhead. As hot air always moves upward and cold air down- 
ward, this influence would naturally be expected to affect the corn 
stowed against the upper part of the boiler-room bulkhead more than 
that which was stowed against the lower part, which proved to be the 
case in this shipment. That part of the dried ‘“B” corn which was 
located against the upper part of the boiler-room bulkhead increased 
in temperature at a 


none MORFOLH ie 
much faster rate — M1213 14 15 *;16 *%17:*18 ie os 26 27 ae be 
during the early part Maia icin cna 
eee Caer npe===aue 
thecorninanyother y4,.//// 17/1 | | Laer TT 
position in the ship. y eee oo Ht 
The temperature of alle a 5; Aine 
all the corn stowed  § "| }=gmpshes or Binenae 
along this bulkhead & eee OT Saancaee 
registered under 65° : PTAA rT] 


F. at the time of 
loading. Fromearly = ("24pm gre oncom 
morning until 4 % —— 
o’clock in the after- serene 
noon of the day of ro 
sailing, March 8, the 
ship’s boilers were 
under pressure of ‘% 
steam, and consider- 

able heat was gen- 

erated in the boiler 


MOISTURE — 


room. In this short pea 
time the tempera- 
ture of the corn el 


located against the 
upper part of the 
bulkhead had in- 
creased to 76° F., as 


[ Meeaer TANK Lawarruoinas secriOw | 
Fia. 5.—Hold 3: A, temperature records of the electrical resistance 
shown by the tem- thermometers; B and C, location of the (1) resistance thermometers 
perature record of in the hold; (2) samples as secured in Denmark; (3) the damaged corn 
as discharged in Denmark. (Cargo No. 1.) 


thermometer 18 in 
figure 6, while the corn at the same height in the hold, not more than 
8 feet away from the bulkhead, was only 62° F., as is shown by tem- 
perature record of thermometer 22. Eight days later the corn against 
the upper part of the boiler-room bulkhead had increased to 102° F., 
while the temperature of the corn located only 8 feet away was only 
65° F. From March 17 to 19, inclusive, the weather was stormy, and 
no more readings were made until March 20, 12 days after sailing, by 
which time the temperature of the corn along the upper part of the 
bulkhead had increased to 118° F., a total increase of over 53° F., 
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and the corn stowed 8 feet away from the bulkhead had increased to 
80° F., or an increase of only 18° F., but during the next few days the 
“Sager of the corn in the latter position increased very rapidly. 

When the ship arrived at Copenhagen on April 1, the temperatures 
of the corn stowed against the upper, middle, and bottom parts of 
the boiler-room bulkhead, as is shown by the temperature records 


NORFALK 
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Fia. 6.—-Hold 4: A, temperature records of the electrical resistance 
thermometers; B and C, location of the (1) resistance thermometers 
in the hold; (2) samples secured in Denmark; (3) the damaged corn 
as discharged in Denmark. (Cargo No. 1.) 


for thermometers 18, 
24, and 27, were 140°, 
118°, and 75° F., re- 
spectively, as against 
122° and 59° F., for 
the corn stowed 8 feet 
from the bulkhead 
and the same height 
as the upper and 
lower positions (there 
was no record for the 
middle position) as is 
shown by the tem- 
perature records for 
thermometers 22 and 
29. Note that the 
corn near the boiler- 
room bulkhead had 
a higher temperature 
by 18° F. in the upper 
position and by 16° 
F. in the lower posi- 
tion than the corn 
located at the same 
height but 8 feet from 
the bulkhead. 

After the ship was 
docked at Copen- 
hagen, the fires were 
put out under the 
main boilers and the 


effect was quite no- 


ticeable on the corn located near the boiler-room bulkhead. The next 
day, April 2, the temperature of the corn located against the upper part 
of the bulkhead had decreased 5 degrees as against no decrease for the 
corn the same height only 8 feet away, the temperatures for these two 
positions that day being 135° and 122° F., respectively. The tempera- 
ture of the corn against the middle of the bulkhead (thermometer 24), 
about half way to the bottom, was 102° F., on April 2, a decrease of 16 


> 
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degrees from the previous day, and the temperature of the corn against 
the unprotected part of the boiler-room bulkhead at the extreme side 
of the hold (thermometer 25) was reduced from 95° F. on April 1 to 
82° F. on April 2, a decrease of 13° F. During the voyage the tem- 
perature of the corn in the last-named position was affected by both 
the heat from the 

boilers and the water li picieiey ie aap: 


temperature “wg—| [227 ein eEr eet paRERDaE ETE 
In connection with PC BARGEEEESh 
the temperatures of ,” he leala ea HHH AEH 
the dried “B” comin S>TCEEEEEEL Ep 
hold 4, in the different $o4/{/ 11771 Tw TTY 
positions of stowage CRESS ESA a ae 


at the end of the voy- ‘ 3 
age, it is interesting to Aaanuaiipaanmua\y = 
note at what stage of 4, 
the voyage the first 
rapid increase in tem- Fic. 7.—Diagram showing fee ote records for the corn stowed 
in the forward part of hold 4, 
perature began. The 
corn which was stowed next to the upper part of the boiler-room 
bulkhead (thermometer 18) showed a rapid increase from the begin- 
ning of the voyage; next the temperature of the corn in the top 
layer, immediately under the after ventilator, began to increase 
rapidly about March 16. At this time in the voyage the ship en- 
countered cold air and the vapor escaping from the heating corn began 
to condense in the ventilator and fall back on the corn as water. The 
upper layer of corn a short distance from the boiler-room bulkhead 
ae Car Tieng ol nae began to increase rap- 


pie ancy —_______ "idly in temperature 
pee LBBB OS Oo Bie BH TDD. e 
about March 20 and 


Beeercscecmeetl | tre 
Peg that stowed along the 
Peete pile en 
20 jog LAC | dala boiler-room bulkhead 
LENA eR ER PPT | spout March 23 
ete Cee Ty : 
Ress ase Dk, | ST 
Le Tape 02 5.4 


WO EPR seth HHH 
Fal ISS 
BEAN See When the hatches 
were opened in Den- 


Fig. 8.—Diagram showing temperature records for miscellaneous yjark. the corn in all 
electrical resistance thermometers in hold 4. (Cargo No. 1.) d 


aoa 


CONDITION OF THE CORN 
AS DISCHARGED. 


of the holds gave off 
moisture in the form of vapor in great volume, as is illustrated in fig- 
ure 9, which shows the formation of a dense fog as the result of the 
warm moisture laden air from hold 4 coming in contact with the cold 
outside air. When the cargo was discharged it was found that much 
of the corn had undergone severe deterioration during the voyage. 


95190°—19—Bull. 7642 


18 BULLETIN 764, U. S. DEPARTMENT OF AGRICULTURE. 


The detailed analyses of the samples taken from the corn as dis- 
charged are shown in Table 4 and the average condition of each lot 
of corn as discharged is shown in Table 5. 


TABLE 5.—Average condition of the four lots of corn as discharged in Denmark. 


Mois- Dirt . 
Tem- . . Badly | Weight 
Kind of corn. Hold. | pera- pare oe Gora: found joes broken} per 

ture cent eretten kernels.} bushel. 

°F. | Perct.| c.c. | Perct. | Perct. | Perct. | Per ct. | Pounds. 
1 96 19.1 35.5 aA 54.4 AY 4.5 50.7 
; 2 96 19.4 So;0 2' 64.0 3 4.2 50.2 
Natural “Central”..........- 3 90| 19.7] 34.6 35 | 50.9 45 eae 49.4 
4 1146 17.8 49.5 0 0 2 4.8 48.5 
Total natural ‘Central’... 2. -.... 195 19.4 35.0 33 54.0 .6 4.0 49.9 
Natural “Southwestern”’.... 3 78 Ke, 24.7 70 96.9 8 5.4 52.5 
Total dreds oA vee secs sue 4 80 16.4 27.8 48 92.4 9 ant Dime 

Motalidnicd\SBeee a ssnee cee 4 119 | 215.7 40.8 4 17.4 9 NaC 50. 

1 Sample 108 not included. 2 Sample 111 not included. 


Fig. 9.—Moisture from heating corn escaping from a ventilator and from an open hatch at the end of the 
voyage. (Cargo No. 1.) 


It will be seen from Table 4 that the natural ‘‘Central” corn which 
had an average moisture content of 18.7 per cent and an average 
acidity of 26.6 c. c. at the time of loading, was badly damaged in 
the upper part of all holds at the time of discharge. The corn was 
hot, discolored, very sour, and badly affected with molds. As is 
shown in figures 3 to 6 and Table 4, the degree of damage, as well 
as the temperature of the corn, gradually decreased toward the bot- 
tom of the holds, where the corn was not discolored, but was notice- 
ably sour and more or less affected with molds. The damaged and 
packed condition of the corn in the upper part of holds 1 and 2 at 
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time of discharge is illustrated in figure 10. The corn in hold 1 did 
not entirely fill the hold, and the top of the corn was covered with a 
heavy growth of sprouted corn, as is shown in figure 12. 

The comparison of the average condition of each lot of corn, as 
loaded and as discharged, is given in Table 6. As shown in this table, 
the natural ‘‘Southwestern” corn in hold 3, which had an average 
moisture content of 14.7 per cent and an average acidity of 25.8 ¢. ¢. 
when it was loaded, arrived in practically the same condition as when 
loaded, although the natural ‘‘Central”’ corn stowed both immediately 
above and below it was hot and damaged and badly packed, as is 
illustrated in figure 5. The natural ‘‘Southwestern” corn “run” 
freely during the discharge, thus leaving overhanging walls of natural 
“Central” corn, these overhanging walls at times projecting as much 
as 2 feet or more. 

TaBLe 6.—Comparison of the average condition of the natural “ Central,” natural 


“ Southwestern,’ dried ‘‘ A,’’ and dried ‘‘ B’’ corn as loaded, with the average condition 
of each lot as discharged in Denmark. 


Dirt 
Mois- and ; 
Kind of corn. Condition of Tem- ture | Acid- Ger- Sound for- Badly Weight 
Hold. aan eee MORE | oie | ae mina-| ker- a broken} per 
ture. | tent. Y- | tion. | nels bis kernels. |bushel. 
ter 
OE IIPS | ees {223 Gale (in Wea Gale eerse| | au Hite 
1 | Toaded..... 56 | 18.6 | 25.2 GU 4 as | OSS: 3.4 52.2 
1 | Discharged..| 96 | 19.1 | 35.5 42°) 54.4.) 1:0 4.5 50.7 
2 | Loaded. .... 55 | 18.9 | 26.8 46 | 94.2 a5 3.4 52.4 
j 2 Discharged..| 96 | 19.4 | 33.5 29 | 64.0 4 4.2 50.2 
Natural “Central’”’_........ 
3 | Loaded. .... 55 | 18.6 | 27.2 51 94.6 58) 2.8 Vasyl 
3 | Discharged..| 90 | 19.7 | 34.6 35 | 50.9 a5) 35} 49.4 
4 | Loaded...... 59 | 18.8 | 28.0 56 | 95.9 ait) 3.2 53.9 
4 | Discharged..}1146 | 17.8 | 49.5 0 0 oe 4.8 48.5 
F MIRAECa Gon tealte, Wiser Loaded. .... 55 | 18.7 | 26.6 51 94.4 4 Sel §2.5 
Total natural ‘Central’. - eee Discharged..! 195 | 19.4 | 35.0 33 | 54.0 6 4.0 49.9 
ale Seem Ay ify’ 3 (aloadodies elie ho 140 721095.8| 841, (07.0!|' "153 6.2] 53.0 
Natural “Southwestern”... { 3 | Discharged..| 78] 15.7] 24.7| 70] 96.9] .8| 5.4 52.5 
Dried “A” 4 | Loaded. .... 62 | 14.9 | 22.5 50 | 97.0 -6 4.6 53.5 
Tied “AY... . eee sees eee { 4| Discharged..| 80 | 16.4] 27.8| 48] 92.4] .9 7.7 51.3 
Dried “B” | 4 | Loaded. .... 64 | 16.3 125 32 88.7 3.4 6.2 52.5 
Tied “BY... ee... 2 eee { 4| Discharged..| 119 *15.7] 40.8| 4] 17.4| .9| 5.7] 50.8 
1 Sample 108 not included. 2 Sample 111 not included. 


Figure 6 and Table 6 show that the dried ‘‘A”’ corn in hold 4, 
which had an average of 14.9 per cent of moisture and an average 
acidity of 22.5 c. c. when it was put on board, also arrived in Den- 
mark in practically as sound a condition as when it was loaded, 
notwithstanding that both the “Central”? corn, which was stowed 
immediately above it, and the dried ‘“B” corn, just beneath it, was 
hot and badly damaged. Figure 6 and Table 6 also show that the 
dried “B” corn in hold 4, which had an average moisture content 
of 16.3 per cent and an average acidity of 27.5 c. c. at the time of 


20 BULLETIN 764, U. S. DEPARTMENT OF AGRICULTURE. 


loading—the highest acid content of any lot in the shipment—was 
hot and badly damaged throughout when discharged with the 
exception of a small quantity along the bottom in the afterpart of 
the hold, which was not hot but was badly packed, sour, and affected 
with molds. This dried ‘‘B”’ corn was so badly packed that it formed 
perpendicular walls from the top to the bottom of the hold (about 
20 feet) when it was being discharged, as is illustrated in figure 11. 


“SWEAT” AND SPROUTED CORN IN THE HOLDS. 


When the cargo arrived in Denmark the top layer of corn in hold 
1 was sprouted as is shown in figure 12, the sprouts in many instances 
measuring 8 inches 
and more in length. 
This hold, which 
was not entirely fill- 
ed with corn, was, 
as already stated, 
the only hold in 
which there was a 
free circulation of 
air from the forward 
to the after ventila- 
tors. This free cir- 
culation of outside 
air over the corn 
supplied the neces- 
sary oxygen and 
kept the top layers 
of kernels cool 


enough through 
Fig. 10.—Damaged corn in the upper part of hold 2 at time ofdis- e@yag pora te eaten 


charge. (Cargo No. 1.) oormin Aen The 
necessary moisture needed for germination, in addition to the moisture 
present within the kernels, was supplied by the “sweat” dropping from 
the deck above. In other holds in which the circulation of air was 
impeded there was only a very slight amount of sprouted corn, the 
sprouted kernels being found only under some of the hatch beams. 
The air was very “heavy’’ in these holds due to the oxygen having 
been used up and replaced by carbon dioxide. 

What is known as “sweat’’ in a corn cargo is water that has con- 
densed on the underside of the cooler deck or on the sides of the 
ship when the temperature on the outside of the hold is lower than 
the temperature on the inside. This “sweat” on the underside of 
the deck falls back onto the corn in the form of water, as illustrated 
in figures 13 and 14. In the rolling and pitching of the ship, most of 
the “sweat’’ on the underside of the deck works its way to the deck 
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beams and from there it falls onto the corn where it supplies the 
necessary moisture for germination or fermentation as the case may 
be. The sprouted corn immediately under those beams in hold 1 
showed a much more vigorous growth than at other places. During 
the voyage the moisture from the heating corn could be plainly 
seen escaping from the ventilators and especially from the after 
ventilators in hold 4, shown 
in figure 9, where it was first 
noticed on the sixth day out 
when cold air was encoun- 
tered which condensed the 
excess moisture in the warm 
air from the hold into fog. 


MOISTURE TEST ALONE NOT SUFFI- 
CIENT TO DETERMINE CARRYING 
QUALITY OF CORN. 


The moisture test alone is 
not sufficient to determine 
the carrying quality of corn, 
there being other factors 
which must also be consid- 
ered. Based on the mois- 
ture test alone, the dried 
“B”’ corn stowed in the bot- 
tom part of hold 4 should 
have been in better condi- 
tion at the end of the voyage 
than the natural ‘Central’’ 
corn in the bottom of holds 
1, 2, and 3, which at the time 
of loading had an average of 
2.4 per cent more moisture 
than the dried ‘B”’ corn. 
The condition at the end of 
the voyage of these two lots Fie. 11.—Perpendicular wall of hot and damaged dried “B” 
of corn, however, proved to corn in hold 4 at time of discharge. (Cargo No. 1.) 
be the reverse, and the explanation of it is that although the 
dried ‘“‘B’”’ corn contained on an average less moisture than the 
natural ‘Central’ corn, the dried. ‘“B” corn was less sound as 
shown by the acidity test. The combination of a comparatively 
high moisture and high acid content caused the dried ““B”’ corn in 
the lower part of the hold to become hot during the voyage. As 
will be seen by thermometer 23 (fig. 7) , which was located near the 
forward bulkhead in the bottom of hold 4, the temperature of the 
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corn at that point was 113.5° F. at the end of the voyage, as against 
a temperature of only 67° F. for thermometer 13 (fig. 5), in hold 
3 located in the bottom portion of the natural ‘Central’? corn only 
a short distance from thermometer 23. 


Fic. 12,—Ilustrating the sprouted condition of the surface layer of corn in hold 1 when the cargo 
arrived in Denmark. (Cargo No. 1.) 


The difference between the keeping qualities of corn contain- 
ing a high moisture content and showing a high acid test and 
of corn in which these two factors are low was illustrated in 


Fig, 13,—Showing where “ sweat”? had dropped from the underside of the G@cck onto the 
bags of cornin the upper part of the hold. (Cargo No. 1.) 


holds 3 and 4. In hold 3 the natural ‘‘Southwestern”’ corn, 
which at time of loading was lower on an average by 4 per 
cent in moisture content and by 0.8 ¢. ¢. in acidity than the nat- 
ural ‘‘Central” corn in the same hold, remained sound, while the 


CARRYING 


natural ‘‘Central”’ 
corn surrounding it 
became badly dam- 
aged. Also, in hold 
4 the dried ‘‘A”’ corn, 
which at time of load- 
ing was lower by 1.4 
per cent in moisture 
and by 5c. ¢. in acid- 
ity than the dried 
“‘B”’ corn, remained 
sound, while the dried 
‘‘B”’ corn in the same 
relative position of 
stowage as the dried 
‘‘A”’ corn became 
badly damaged. 


ISCHARGED 


TEMPERATURE OF CORNAS DO 


\ANGE IN 


|] GARGO No.1 


GERMINATION -—% 


QUALITIES OF EXPORT CORN. 93: 


Fig. 14.—Mlustrating the results of “sweat” on the top portion of the 
corn under the hatch in hold 3. (Cargo No. 1.) 


CORRELATION OF THE 
CHANGES IN TEMPERA- 
TURE AND THE CHANGES 
IN ACIDITY, GERMINA- 
TION, MOISTURE CON- 
TENT, AND TEST WEIGHT 
PER BUSHEL. 


F8.5 The comparison of 


the average condi- 
tion of the natural 
“Central,” natural 
“Southwestern,” 
dried ‘‘A’’ and dried 
““B” corn in each 
hold; also the com- 
parison of the aver- 
ages for the total 
corn of each lot at 
the time of loading 
with the averages at 
time of discharge in 
Denmark are shown 
in Table 6. The av- 
erage condition of 


MM = CONDITION OF THE CORNAS DISCHARGED the corn in each lot 


Fie. 15.—Correlation of the temperature and condition of the corn as 
loaded and as discharged. (Cargo No. 1.) 


in the top third; 
middle third, and 


94 BULLETIN 764, U. S. DEPARTMENT OF AGRICULTURE. 


bottom third of holds at time of discharge in Denmark is shown in Ta- 
ble 7, and the condition of the individual samples that were put into 
the crossed wire containers at the time the corn was loaded compared 
to the condition of each at the time when the corn was being dis- 
charged is shown in Table 8. It will be seen from these tables that, 
with a few unimportant exceptions, there was on an average quite a 
noticeable change in the acid content, germination, percentage of sound 
kernels, and weight per bushel during the voyage corresponding 
quite closely with the changes in the temperature in each lot of corn 
and in each position of stowage. As is seen from Table 6, the acidity 
was generally greater, while the weight per bushel and percentages 
of germination and sound kernels were generally less at the end of 
the voyage than at the beginning, the greatest differences being 
apparent in most cases in the corn which had increased the most 
in temperature, as is shown in figure 15. 


TABLE 7.—Average condition of each lot of corn in the top third, middle third, and bottom 
third of holds as discharged in Denmark. 


3 | 8 ; a ae tae l= 5 
A | 8 S| 2 (28) gee 
Place of cs > : = 3 lot] 2S "a 
Kind of corn. stowage 5 z I bm § 4 EWSt |) FI a 
in hold Bi/25| e/a] 0 | 88) oe | 22 
|) BA) Bs ieee leeealace a ecb eae ee 
a |S A eae [ae | WTR Ear-= = 
Natural “‘Central”’ corn: 9 DB bl Era on (nly ES(a | |e east oul anCniyl| SeaCaay (lM OECE 
jUpper third...] 132 | 19.2 | 53.4 9} 29.5] 0.5 3.0 47.9 
15 (0) Ue ial te Cee nee eer Se Aer {Middle third - - 93 | 18.8 | 27.4 AGH 57.40) 14 5.4 50. 8 
\Bottom third.| 64] 19.2| 25.8] 72] 76.2| 1.1 Bal 53.4 
Upper third...] 128 | 19.9 | 42.2 0] 27.9 5 3.0 47.4 
12 (Us ee eRe eae sae Middle third. . 92 | 19.0} 31.0 20} 77.5 3 3.2 50.9 
Bottom third. 67 | 19.3 | 27.4 67 86. 7 4 6.4 52.3 
Upper third...} 127 | 20.0 | 44.6 3 ele 5 2.6 45.6 
IBY lS} se aoasesoecacdocscaes Middle third. - 81! 19.7 | 32.4 | 38 | 53.0 7 4.5 50.8 
Bottom third. 63 | 19.4 | 26.9 63 77.9 3 3.4 51.8 
HO a sacs once eee eeee eee Upper third...|1 146 | 17.8 | 49.5 0 0 2 4.8 48.5 
Total natural “Central,” natu- 
ral ‘‘Southwestern,”’ dried 
v3 ” 7 “cc ” . 
Nataral centrale 2 | rar | 196 146.3 | -3 "92.0 | 5 | > Sate eee 
Dried (GAC2 rete ee eer! Upper third...|; 80 | 16.4 | 27.8 48 | 92.4 -9 7.7 51.3 
Dried’ “iB”. .c25. sso cess. j 137 215.3] 42.5] 0 O| 121°. 65 aang 
Natural “Central”.....-.-- | 88 | 19.2 | 30.7 34] 62.5 7 4.3 50. 8 
Dried “BY. -< 5 3) ses (Middle third. .|{ 119] 15.9] 44.8] 5] 11.3] .5] 5.4] 502 
Natural “Southwestern”... || | 78] 15.7]247] 70] 969] :8| 5.4] 525 
Natural “Central”... .....- : : 64] 19.3] 26.8] 66| 80.5| .5 4.8| 52.4 
Dried #B"! ccc: cies } Bottom ae { 102} 159/351} 8| 408] 1.0] 51] 503 
| 
1 Sample 108 not included. 2 Sample 111 not included. 


THE HANDLING OF THE CORN AS DISCHARGED. 


Much of the corn was so badly damaged that the marine leg could 
not be used to discharge it. All of the dried ‘‘B”’ corn in hold 4 
on account of its packed condition had to be discharged by use of 
buckets or bags and winches. Discharging corn with bags or buckets 
is a slow process and necessitates much extra labor and time, thus 
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allowing any hot corn that the cargo may contain to become more 
severely damaged and also giving time for the damage in the affected 
location to spread to the surrounding sound corn. 


Fig. 16.—Hot corn from the cargo piled on the open quay being conditioned by hand shoveling. 
(Cargo No. 1.) 


TaBLE 8.—Comparison of the condition of the corn samples in crossed-wire containers 
as loaded and as discharged. 


° 1 : n ' 
£|8 g | |S3| x 
Condition of 8 | es HE ss E oa] 3 Location of 
Kind of corn. on Eo oll aVeP | Ese || eas “4 Ag | #4 sample in 
corn as s eh || Bae = uo} "op 2 hold 
Ko) g 7) ro | q da Aa ie) ! 
oO aaate rs) by 3 Seer ||. 
Hjijal\s ata Cul ae 
SE Hem las Cla liCaGe oe Clon tlga Chad| (aCta || eki0Ss 
Loaded.....} 1.) 59] 18.5 | 28.5 | 67.0| 96.3] 0.2] 53.0 \n 
Discharged... The] fies S| SS i 49.0} 1.0 On eee | eer I 
Loaded... .. 1 Soe ElseSs | 21s Olea ase 98.7 On/-5250 \p feet down 
Discharged.. 1 68 | 19.3 | 28.5] 18.0] 89.7 -4] 49.0 near outside, 
e 
Loaded..... 1} 56/185 | 26.5] 60.0] 90.6] .4] 52.5 pis feet down 
Discharged. . 1} 104 | 17.8 | 35.0 0 0 Ph | AResoesc near outside. 
Natural “Central”. Pischarged. | 2] 89 | | ar0|2%0| a0] 21 |. c.0..|}l0feet down. 
Loaded... -. Dale 504 #185 On| 28054|536..0)| 295. 5m 0 i. 5) Sere: 
Discharged..| 2] 88] 19.2| 34.5] 80| 63.0] .2|........ \is feet down. 
Loaded..... 3} 50/187 | 22.0] 52.0] 961] .1] 53.5 Nm, 
Discharged..| 3] 129 | 18.8 | 42.0 0 Oh sdetails cae i 
Loaded... .- 3 59 | 18.5 | 28.5 | 38.0 | 95.2 4| 53.0 
Discharged..| 3! 119] 19.1'380| o! s34] Jali... \4 feet down 
Natural ‘South- |fLoaded...-. 3 59 | 15.1 | 25.0 | 87.0] 97.7 45325 
western.” Discharged..| 3 | 94 | 14.9 | 26.5 | 49.0| 96.6 oh a: aa \10 feet down. 
Loaded..... 3| 55 118.0| 26.0] 62.0] 91.7 4] 52.5 
Natural “Central”. liniecearcear: 3| 67118.9| 280] 63.0| 684| .2\|....-... \Bottom. 
=a eT) 9) Loaded..... 4 66 | 15.9 | 28.5 | 35.0} 91.3] 1.2] 53.0 |\Top under 
Dried “B”........- isoharseds 4] 144 | 25.1 | 49.0 0 er ea i \ ventilator. 
: Loaded..... 4] 62 | 14.9 | 23.0] 49.0] 97.4] 1.0] 54.0 
, 
Dried “A”... ....-- Discharged..| 4| 79] 15.7] 285 |59.0| 90.6| 1.6] 51.0 \Top. 
; Loaded..... 4| 67 | 16.8 | 25.0] 37.0] 90.7] .7| 53.0 
Dried “B”......... Discharged..| 4| 114 |...... 35.01 0 o| :9| 4875 \Bottom. 


26 BULLETIN 764, U. S. DEPARTMENT OF AGRICULTURE. 


It was necessary to begin treating all of the damaged corn almost 
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The heavy shading represents heat-damaged corn as discharged. 


Fic. 17.—Diagram showing arrangement of the steamship and stowage of the corn in the holds, 


(Cargo No. 2.) 


immediately after it was discharged from 


‘the steamship. Some of the corn from 


the bottom of the three forward holds 
which was in fair condition when dis- 
charged, ‘‘went out of condition”’ and be- 
came hot within a short time after being 
landed, and this also had to be handled 
at once. The damaged corn from this 
cargo was ventilated by hand shoveling, 
each shovelful being thrown into the air 
in such amanner that the kernels became 
separated and fully exposed. to the air. 
Figure 16 shows how a part of the hot 
corn from this cargo, which was piled on 
the open quay, was treated to stop the 
process of fermentation. 


CARGO No. 2. 


Cargo No. 2 consisted of 211,064 bush- 
els of corn, of which 30,500 bushels had 
been artificially dried. The corn was 
loaded February 27, 28, March 1, and 2, 
1911. The vessel sailed March 3 and 
arrived at Aalborg, Denmark, April 5, 
where 88,827 bushels of the corn were dis- 
charged from April 5 to 11. The steam- 
ship was then taken to Copenhagen, Den- 
mark, where the remaining 122,237 bush- 
els in the cargo were discharged, the last 
of the corn being taken out on April 20, 
The maximum time that any of the corn 
was in the vessel was 53 days, the aver- 
age time for the Aalborg lot being 39 days 
and for the Copenhagen lot 47 days. The 
length of the ocean voyage to Aalborg 
was 33 days and to Copenhagen 40 days. 


STOWAGE OF THE CORN. 


The steamship had five cargo olds. 
As is shown in figure 17, holds Nos. 2, 3, 
and 4 were entirely filled with corn, while 
holds 1 and 5 were each filled only to the 
main deck, leaving an air space of about 


8 feet on top of the corn in the central or “trunk’’ part of the holds. 
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The dried corn was stowed in hold 3, and the natural corn in holds 1, 
2, 4, and 5. 

Holds 1 and 2 were located free from the ship’s machinery; hold 3 
was located just forward of the boiler room; hold 4 was located just 
aft of the engine room in the bottom part of which was the shaft 
tunnel, which also extended through the bottom of hold 5. 


Tasie 9.—Range in the principal factors showing quality and condition of the corn as 
loaded and as discharged by holds. 


[Holds 1, 2, 4, and 5, natural corn; hold 3, dried corn.] 


. 1 . Weight 
: Tempera- | Moisture «a Germina- Sound : 
Hold. ture. content. Acidity. tion. kernels. es 
bushel. 
| 
Hold 1: ea Per cent. Cuc: Per cent. Per cent. | Pounds. 
EXSMORC COM Ane wk Lee ce sks 51.0- 54.0 18. 3-19. 2 | 17.9- 19.9 61.0-77.0 | 93.1-97.0 52. 8-53. 5 
a @usehareedin.s c= =a. 59. 0-110. 0 16. 2-43. 6 | 21.8- 65.7 0-75. 0 0-95.6 | 46.3-54.0 
Told 2: 
NSO EM Ee =o ae Soeee ce te 53.0- 60.0 18. 5-18. 7 | 18. 7- 19.7 45.0-78.0 } 94. 7-95. 6 53. 5-53. 8 
= ae Gischargede 45.23 15 soe 58. 0-148. 0 17. 6-34.6 | 20. 75.5 0-78. 0 0-96. 6 44.0-52.8 
old 3: 
ASH ORG AGibe rhe 2 aceite oe 65.0- 74.0 15. 2-15.8 | 20.4-— 24.1 34.0-61.0 | 85.0-96.5 | 54.0-55.0 
= a Gischarveds \..-- naan. sc. 74. 0-155. 0 13. 0-54.6 | 23.5-110.8 0-43.0 0-93. 7 45. 3-54.0 
old 4: 
CMOROGOUAS on ules nas ot me 52. 0- 60.0 18. 5-19.5 | 18.5- 24.6 58.0-77.0 | 92. 7-97.5 52. 0-54. 5 
+ ia Gischarged - 52822 4440-% 59. 0-135. 0 13. 6-48.1 | 21.1- 83.9 0-69. 0 0-96. 0 43. 3-53. 5 
old 5: 
INGHAM edie sao eee acne] Doe 0=- 55.0 18. 3-19. 2 | 19.5- 22.4 62. 0-75. 0 90. 3-95. 9 52. 5-53. 8 
ws discharged'..---.-.2-2.-: 61. 0-140. 0 11.1-18.7 | 23.1- 31.3 0-61.0 0-95. 7 


47. 8-52. 0 


CONDITION OF THE CORN AS LOADED. 


The condition of the natural and dried corn was quite uniform 
throughout in each lot at the time of loading, as is shown in Table 9, 
but there was considerable difference in the average condition of the 
two lots. It will be seen in Table 10 that the averages for various 
factors in the natural corn as loaded were as follows: Moisture content 
18.8 per cent, acidity 19.8 ¢. c., germination 66.3 per cent, sound 
kernels 94.7 per cent, and weight per bushel 53.39 pounds; while the 
averages for the dried corn were: Moisture content 15.5 per cent, 
acidity 21.9 c. c., germination 43.2 per cent, sound kernels 93.5 per 
cent, and weight per bushel 54.42 pounds. Comparing the two lots, 
it is seen that the natural corn was the better in that it had a lower 
average acidity by 2.1 ¢. c., a higher average germination by 23.1 per 
cent, and more sound kernels by 1.2 per cent, but was poorer in that 
it contained on an average more moisture by 3.3 per cent and a 
correspondingly lower weight per bushel by a little over one pound. 
TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION OF THE CORN AS 

DISCHARGED. 

The first temperature readings of the resistance thermometers were 
made March 1, and thereafter each day that the weather permitted 
until April 6, the day after the steamship arrived in Denmark. Ina 
few instances the readings were continued until April 15. 
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TABLE 10.—Average condition of the corn as loaded compared with the average condition as 


discharged. 
Tempera- | Moisture sas Germina- | Sound ker- | Weight per 
ture. content. Acidity tion. nels, bushel 

Kind ofcomandhold. | do |4.] d |e .-| od |,-]/ od |,-| 5 |e. | ao |e 

= |*2/ 2 |=2/ = 28] = 22] = #2] = |2¢ 

Bol Bl! Bol Bl Bal Blocks | ail Sipe 

2/22] 2 |23|) 2 /28| 2 /2e) 2 jas) 2 jas 

Natural corn: SF. | OF .4) Peet.|\ Pact. ece: Wiese. ||P. ct) Pret UP. ct. Pact: Gbssaenus: 
15 (fo) (6 Wi a San in By ge 53.0 | 73. 18.6 | 18.3 | 18.7 | 25.9 | 67.2 | 44.4 | 95.3 | 80.8 | 52.95 | 51.16 
Dic. Sire, 6 Nate Se 56.3 /113.5 | 18.6 | 18.9 | 19.4 | 35.1 | 62.2] 18.1] 95.1] 23.4 | 53.56 | 49.52 
fe Ee SO te eee 55.6 | 95.8 | 18.9 | 18.1] 20.0} 29.8 | 66.9 | 25.8 | 94.6 | 54.1 | 53.50 | 49.93 
sere lemeerere errors oe 53. 8 | 88.3 | 18.7 | 18.2 | 20.4 | 26.3 | 66.8 | 29.9 | 94.0 | 72.9 | 53.35 | 50. 60 
Total natural corn ........ 54.8 | 94.1 | 18.8 | 18.3 | 19.8 | 29.4 | 66.3 | 28.4 | 94.7 | 66.8 | 53.39 | 50. 20 

Dried corn: 
Hold'3-2e ce ecekacen 69.6 |106.8 | 15.5 | 15.1 | 21.9 | 31.6 | 43.2 | 13.2 | 93.5 | 49.6 | 54.42 | 51.86 
| | 


Samples Nos. 43 and 46 in hold 1, 52 in hold 2, 61 in hold 3, and 64 in hold 4, were not included in the 
average as discharged. 


The temperature of the corn as loaded varied from 51° F. in the 
natural corn to 74° F. in the dried corn, the averages for the two lots 
in even numbers being 55° and 70° F. At the time of discharge, 
the maximum temperatures of the corn in the various holds were as 
follows: Hold 1, 110° F.; hold 2, 148° F.; hold 3, 155° F.; hold 4, 
135° F.; and hold 5, 140° F. During the time that the corn was in 
the vessel a large proportion of both the natural and the dried corn 
became hot, discolored, moldy, and badly damaged. 

When the temperature of corn at 51° and 74° F. is raised through 
inherent causes, deterioration becomes apparent at about 90 to 100° 
F. and increases very rapidly thereafter if the temperature con- 
tinues to rise. The temperature records show that the corn reached 
100° F. in the different holds as follows: hold 1 in 35 days, hold 2 
in 14 days, hold 3 in 19 days, hold 4 in 22 days, and hold 5 in 24 days. 
This is interesting in connection with the average time that the corn 
remained in the vessel, which, as already stated, was 39 days for 
the Aalborg lot and 47 days for the Copenhagen lot. 

The wide difference in the rate at which the temperature of the 
corn changed depended on its position of stowage with reference to 
height from the bottom of the holds. Where the corn was stowed 
free from the ship’s machinery, it changed the most and became 
badly damaged in the upper part of the holds. As is shown by the 
accompanying diagrams, the temperature and degree of deteriora- 
tion of the corn at the end of the voyage gradually decreased from 
the surface toward the bottom where the corn in all holds, excepting 
that in hold 3 and along the shaft tunnel in holds 4 and 5, was in a 
sound condition. 

The air and water temperatures during the loading period averaged 
close to 50° F. and were generally somewhat higher than the tem- 
perature of the corn for the first six days of the ocean voyage. The 
air temperature was above 70° F. for the first four days and the 
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water temperature remained above 70° F. for the first six days of 
the voyage, after which the temperature of both suddenly dropped 
and remained under 60° F. during the remainder of the voyage. 
During the latter part of the voyage the air temperature dropped to 
below 30° F. and the water temperature to nearly 30° F. 


CHANGE IN TEMPERATURE AND CONDITION OF THE NATURAL CORN IN HOLD NO. 1. 


As is shown in figure 18, the temperature of the corn near the 
surface on a level with SS oe 
themaindeckchanged FAAP eta TTT 
but little during the Ba BUAAAERRUUEEE 
first 12 days, after H od 
which there wasa y ana 
steady daily increase “7 
until it had reached 
102° F. on April 6, or 
35 days after the first 
reading was made. 


TEMPERAT 


. S$ iS) : 
The upper portion of cases Sg eg 
dss iS 
the corn to a depth s g § “ae ge 8 ¢ 
. 4 3 = 
of approximately 4 42 208 g65—Swarce une _ e 8 $ § 
43 43.6 657 1o= S\-— 72 29.7 194 44 
feet below the surface 2 13 259 ea fe . “V7 60 232 182 45 
‘ 3 meas pero . : z = —85 464 288 46 
was in a heating con- Be rey at ~Liot 266 176 47 
dition when the corn ——¢ 183 219 s9-fornecee og |) ots 2a 102 40 
was discharged. The Bs 
; 50 180 21.8 64---------a °° || 
remainder of the corn 3 tas 251 59-\——-# =p 


in the hold changed 
but little in tempera- 
ture during the voy- 
age. 
Sample No. 42 in 
Table 11, which was 
taken from the surface 
of the corn, and sam- 
ple No. 1, which was 
taken from the wire 


Fic. 18.—Hold 1: Temperature records of the electrical resistance 
container fastened to thermometers, location of the thermometers in the hold, and 
f secured i : y yading Se heat- 
thermometer No. Tt samples secured in Denmark. Heavy shading represents hea 
damaged corn. (Cargo No. 2.) 


show the damaged 
condition of the corn near the surface as discharged. Samples Nos. 43 
and 46, which were both badly damaged, represent only a small amount 
of corn. ‘The first was ‘‘sweat’’-damaged and the latter sea-damaged 
from water having leaked through a small hole in the deck. 

The average condition of the corn in the hold as discharged is 
shown in Table 10. Compared to the condition of the corn as 
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loaded, it will be seen from the table that there was an average 
increase of 7.2 c. c. in acidity and an average decrease of 22.8 per 
cent in germination; 14.5 per cent in sound kernels and 1.79 pounds 
in test weight per bushel. 


TABLE 11.—Condition of the natural corn in hold 1 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the hold, from top to 
bottom. 


[T 1, ete., represents samples in crossed-wire containers, fastened to resistance thermometers of the same 
numbers; *indicates not included in the averages. ] 


Temperature. oe ete Acidity. Germination. | Sound kernels. Wight per 

Sam- ini 
le | 

0 | cas _| As dis- | ,/a§_| Asdis- |, AS _| asdis-|,A8 | asdis-|)45_| Asdis-| As | Asdis- 
eal charged. al charged. AGI. charged. ed charged. eal charged.| loaded. | charged. 
5H a od PP AChs aCe exe exes |sPact| P. ct. | P.ct.| Pct. |\Pounds®|Pounds 
7 eed Re eee Me Biles se cry fi Silanes 33.43) See 47. 25 
ual 54 102 | 18.8 16.2 | 17.9 27.4 70 39 | 97.0 40. 4 §2.75 50. 50 
LJ: ey) ENO? peer ae a3 460 | Mensa EOS f loopeee EXO Ree Bee Le ae See alec S 
G4 ei Bile seeee LOMA Sscaoe PANS fal Bans oe 32 |eene oe 69.9°]5 ae 50. 00 
eee OOM secre TR Ipeec PBEM oes bitsy) ess 28 O38 28 alc eee 50. 00 
T 2 52 63 | 18.5 18.3 | 18.9 25.9 77 50 | 93.1 93.8 52.75 52. 00 
AGU |B aoe ERD al Seis E285 Sl eee FAGSA |e ae POM eae oe Eo Oe) acne c= *46, 25 
t eames LOU | Remace AY Ba peace 26; Ou)| senna 29 Nieeees 8058 |e ooeceee 51. 00 
48) .co5 Toul aacee ABS inl sence Vay eeenes ST Sesser 92) '6) osee eee 51.75 
49 54 ho Siro 18.0} 19.1 24.1 66 75 | 94.4 95. 2 53. 50 53. 25 
T4 51 69 | 18.4 18.3 | 17.9 21.8 61 54 | 96.9 94.2 52. 75 50. 75 
SOME ac ae G45 Raacee 103s ())||Seeeee DUS Rin|iss eee G5 eee O52! Satan cee 54. 00 
483} 54 59 | 19.2 18.5 | 19.9 25,1 62 67 | 95.1 95. 6 53. 00 52525 


CHANGE IN TEMPERATURE AND CONDITION OF THE NATURAL CORN IN HOLD NO. 2, 


Fully three-fourths of the corn in hold 2 became hot during the 
voyage. The greatest increase in the temperature of the corn was 
at the surface and the lowest at the bottom of the hold. The corn 
at the surface, when the ship reached port on April 5, was 148° F., 
that one-third down was 115° F., that two-thirds down 85° F., 
while that at the bottom of the hold had a temperature of only 50° F 
These facts are shown in figure 19. 

The temperature of the corn in this hold was under 60° F., in all 
positions of stowage when loaded. By March 11, 8 days after the 
steamship seiled, the temperature of the corn near the surface, as is 
shown by the temperature record for thermometer 5, had increased 
to 73° F.; during the next 8 days the temperature increased 58° 
and reached 131° F. on March 19; during the next 10 days to March 
29, the increase was more gradual, reaching 149° F. on that day, 
after which it remained practically stationary until the ship reached 
port, April 5. The corn located one-third of the distance down, as is 
seen by the temperature record for thermometer 5, had increased to 
68° F. by March 14, and to 118° F. by March 29, which was the maxi- 
mum point reached before the vessel reached port. The corn located 
two-thirds of the distance down, as shown by the temperature record for 
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thermometer 7, increased gradually in temperature until 88° I’. was 
reached April 5. Thermometer 8 shows that the temperature of 
the corn near the bottom did not go over 63° F. and during the latter 
part of the voyage decreased to 50° F. being influenced by the water 
temperature. 

When the hatch was opened soon after the steamship arrived in 
Aalborg it was seen that the corn was badly damaged on top. The 
corn immediately under the hatch was discharged as far down as 
the main deck, but as 
there did not appear to 
be any improvement 
in the condition, the 
receivers at this port 
refused to take any 
more of it, and conse- 
quently the remainder 
of the corn was left in 
the hold from about a 
week to 10 days longer. 
During this time the 
temperature of the 
corn located one-third 8 
of the distance down in 
the hold increased 
frompli5- to,140° ¥F., 
and the corn stowed 
two-thirds of the dis- 
tance down, which was 
still sound on arrival, 
increased from 88° to 
117° F., and was badly 
heat discolored when 
it was discharged. 


That at the surface 


had a temperature of Gc. 19.—Hold 2: Temperature records of the electrical resistance 
e thermometers, location of the thermometers in the hold, and sam- 
over 145 F. for 20 ples secured in Denmark. Heavy shading represents heat- 


days. As is seen in damaged corn. (Cargo No. 2.) 

figure 19, the heat damage finally extended fully three-fourths of the 
distance down, as the temperature there was 105° F. when the corn 
was discharged. The grain capacity of this hold was over 73,000 
bushels, and as previously stated was entirely filled with corn. 

As is shown in Table 12, only the corn near the bottom of the hold 
showed any germination or sound kernels at the end of the voyage. 
Table 10 shows that the averages for the corn in this hold, as dis- 
charged, were: Acidity 35.1 c. ¢., germination 18.1 per cent, sound 
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kernels 23.4 per cent, and weight per bushel 49.52 pounds. This 
was an increase over the condition, as loaded, of 15.7 ¢. c. in acidity, 
and a decrease in even numbers of 44 per cent in germination, 72 
per cent in sound kernels, and 4 pounds in weight per bushel. 


TaBLE 12.—Condition of the natural corn in hold 2 as loaded and the change in condition 
while the corn was in the vessel—Samples taken in order in the hold, from top to 
bottom. 


[T 5, etc., represents samples in crossed-wire containers, fastened to resistance thermometers of the same 
numbers; * indicates not included in the averages.] 


Temperature. Moisture Acidity. Germination. | Sound kernels. eh os 
Sam- = 
No. As | 
0. As : Ss : As : As P As : As . 
As dis- As dis- As dis- ],-.5_| As dis- _| As dis- As dis- 
load charged. load charged. toad charged. toed \charged. iced charged. ted charged. 
Pe Chn Cac. c.c. |P.ct.| P.ct. |P.ct.| P.ct. | Pounds.| Pounds. 
18.9 | 19.7 42.6 64 0 | 94.7 0 53.50 47.75 
1982) eae AOS ON Races ON Saecee Ort ssc2F2 523) 48. 25 
BE Ele Be oe EOS Oil = arse *Oicosece FOr 8 | saeco *48, 00 
12 De bal Late as D4a84 eae. O \sees55 OM | asestemoe 44.00 
TA Rs) | seis: Be ee Onleeeoe= te eee see 48.50 
Lie Gileenees 4750) |eo 54s ) Gseko5 Upset fee Re sak 50. 00 
donossees 18.7 28.1 UPN eBeaapcoel| he) |lbasncpne> 59.10: |s omenteee 
LOSS ||Seccce 3820) peccee Ou Sacaee Oe Pe eeee oer 48.50 
TES eeeee 335.2 | Sere Wi Basers lala BAmScce<e 51.25 
18.8 | 19.6 34.3 68 0 95.6 0 53.50 50. 00 
18Poul ete o- S0N 4g eeenes WAESesoq OUR eecceee 49, 25 
1836; |Seeeee 2220 \/Ranee 65) eee 945 | snsseeees 51.75 
LIES Sat gets PAU EY |e niceoc (hs: Ieee WS? | Bee oocsac 52.75 
18.9 | 19.5 22.6 45 75 | 94.8 96. 6 53.50 52. 25 


CHANGE IN TEMPERATURE AND CONDITION OF THE DRIED CORN IN HOLD NO. 3. 


Hold 3 contained artificially dried corn, all of which, excepting a 
small amount along the bottom, became hot and badly damaged dur- 
ing the voyage. Even the corn along the bottom, although it did 
not get hot, was sour, moldy, and badly packed when discharged. 
The average temperature of this dried corn when it was loaded was 
about 15° F. higher than the average for the natural corn in the other 
four holds of the ship. In that part of the corn that was located 
away from the boiler-room bulkhead, the greatest change in tem- 
perature took place in the upper portion. The temperature of the 
corn near the surface increased 13° F. the first 17 days after it was 
loaded, after which the increase was more rapid, reaching 137° F. 
when the ship reached port, as is shown by the temperature record 
of thermometer 9 in figure 20. The temperature of the corn 
in the central part of the hold, about 4 feet under the surface, increased 
in about the same manner as the corn at the surface, but the tempera- 
ture was generally somewhat lower, having a temperature record of 
135° F. on April 7, as is shown by the readings for thermometer 11. 
The temperature of the corn stowed a little over half way down in 
the center of the hold increased but little during the first nine days, 
but from then on steadily increased until 107° F. was reached on 
April 8, as shown by the temperature record for thermometer 14. 
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The temperature of the corn near the center of the bottom of the 
hold increased 19 degrees during the first two weeks, reaching its 
maximum of 89° F. April 14, after which it gradually became cooler, 
being affected by the water temperature, and dropped to 79° on 
April 8. 

TaBLE 13.—Condition of the dried corn in hold 3 as loaded and the change in condition 


while the corn was in the vessel—samples taken in order in the hold, from top to 
bottom. 


[T 9, etc., represents samples in crossed-wire containers, fastened to resistance thermometers of the same 
numbers; * indicates not included in the averages.]} 


Temperature, | Moisture Acidity. | Germination. |Sound kernels.|_ Wight per 
Sam- E 
- A A A A A A 
0. s ; S po EAS Tae PAS : S ; s : 
As dis- As dis- As dis- As dis- As dis- As dis- 
ee charged. dead. charged. ee charged. ere) charged. ie: charged. Le charged. 
i CN Sd eae c.c ColGae Lee Chet |\eEyei Chen tees Chal lutieiCha | |OULNAS. || OUNGS 
T9 70 137 | 15.6 18.3 | 24.1 41.4 44 0 | 85.0 0 54.75 45. 25 
BiGlales-—-" ct yl en eee Ae Gripe TONS see FO | See SO) es Si tl a 
T 10 74 OL | 1555 16.2 | 21.6 42.0 38 5 | 90.5 38.0 54.00 50. 50 
Aint 71 135 | 15.4 14.8 | 21.3 35.7 38 0 | 94.4 0 54. 25 53.00 
tale 68 134 | 15.3 14.6 | 23.2 36.8 48 0 | 92.8 0 54.00 52. 50 
G2OE oc DG a erosiee it T5S4 Wena 32.10 sence OU toe: V3 157 4a at eS 50. 50 
T 19 68 106 | 15.8 13.6 | 22.1 36.7 61 2 | 92.8 34.4 54. 25 50. 50 
T 20 68 74 | 15.6 13504 2154 Zao) 42 43 | 96.5 85.8 54. 25 54.00 
G3" {See=- = LOS | See Ga, A298 | SO 29283 esses On| Gee BONO! | meer a aes 52. 00 
T 14 68 LOZ eLo85; 1522" |, 2105 29.5 44 15 | 95.7 76.9 54. 25 53.20 
Ais 67 109 | 15.2 1402 |) 21.5 24.6 34 21 | 94.0 85.3 55. 00 53. 50 
ba is 65 105 | 15.3 15.0] 20.4 26.5 38 18 | 95.0 83.5 54. 75 52. 00 
18 7G evecare aes LSS | etemteleteieere 21 Gh le ccico eee SOULE sae QD FDL sisciacecrs = by ela eases ae 
AMT) 70 89 | 15.8 15.6 }.22. 1 28.0 47 31 } 94.8 90. 0 54.75 53. 50 
16 70 78 | 15.2 15:3) ).21.8 2002 35 36 | 94.9 93. 7 54.25 53. 75 


As is shown in Table 13, the corn became badly damaged in the 
upper part of the hold, the degree of damage gradually decreasing 
toward the bottom. It will be seen in Table 10 that the averages 
for various factors in the analyses of the corn as discharged were as 
follows: Acidity 31.6 c. ¢., germination 13.2 per cent, sound kernels 
49.6 per cent, and 51.86 pounds test weight per bushel, which, com- 
pared with the average condition of the corn as loaded, was an 
increase of 9.9 ¢. c. in acidity and a decrease of 30 per cent in germi- 
nation; 43.9 per cent in sound kernels; and a little over 2.5 pounds 
in test weight per bushel. 


INFLUENCE OF BOILER HEAT ON THE CORN. 


There were three main boilers and two donkey boilers in the stoke- 
hold. The donkey boilers were located near the middle of the bulk- 
head which separated the stokehold from hold 3. This bulkhead 
was lined with a plank sheeting on the cargo side, but there was no 
second bulkhead to form an air space. There were coal bunkers 
over and on both sides of the stokehold, as is shown in figures 20 
and 22. Steam was kept up in the donkey boilers during the load- 
ing period, and the effect of the heat generated was plainly noticeabie 
on the corn stowed contiguous to this bulkhead opposite the boilers, 

95190°—19—Bull. 7643 
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as is shown by the temperature records for thermometers 13, 14, 
and 15 in figure 21. The corn located next to the bulkhead oppo- 
site the donkey boilers showed a rapid increase in temperature at 
the time of loading, while steam was kept up in the boilers, and 
showed a higher temperature than the corn located the same height 
but some distance back from the bulkhead until March 27, when it 
was lower. - When steam was again generated in the donkey boilers 
at the end of the 
voyage, the effect of 
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i EVE SECE = the heat on the corn 
4120 | 7, stowed next to the 
ve rset bulkhead opposite 


the boilers became 
apparent, the tem- 
perature increasing 20 
degrees in two days. 
The corn near the 
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that was stowed the 
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16 16S Soe 99 2= Neco aap 8p -___----- 4 ‘8 from the bulkhead, as 
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=; thermometers 10, 11, 

i and 12. The hatch 
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Pees ee eee, was kept open and 
afforded ventilation 
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March 18, but during 

Fia. 20.—Hold 3: Temperature records of the electrical resistance . 
thermometers, location of the thermometers in the hold, and sam- the next week, when 
ples secured in Denmark. Heavy shading represents heat- rough weather was 


damaged corn. (Cargo No. 2.) encountered and the 
hatch was kept closed, the temperature of the corn contiguous to the 
bulkhead increased 23 degrees, as is shown by the temperature record 
for thermometer 10. The corn stowed along the bottom of hold 3 near 
the boiler-room bulkhead had a lower temperature during the greater 
part of the voyage than the corn some distance away, and this can be 
accounted for in that the temperature at the bottom of the boiler 
room was kept cool by the fresh air that rushed from the ventilators 
and took the place of the heated air that was forced out at the top. 
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The effect on the corn of the heat generated in the boilers is shown 
further by the temperature records of thermometers 19 and 20, which 


were located against: 


the upper part of the 
bulkhead, 19 opposite 
the boilers and 20 ten 
feet away opposite a 
ventilated coal bun- 
ker, as shown in figure 
22. Thermometer 19 
registered an increase 
of 17° F. the first two 
days after the corn 
was loaded, while ther- 
mometer 20 registered 
an increase of only 1° 
F. during this time. 
Thermometer 19 reg- 
istered a higher tem- 
perature than ther- 
mometer 20 during 
the whole voyage. 
Thermometer 19 reg- 
istered over 100° F. 
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Fic, 21.—Hold 3: Temperature records showing the effect of boiler 


heat on the temperature of corn. 


(Cargo No. 2.) 


from March 16 to March 26, after which the temperature steadily 
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Fic. 22.—Hold 3: Temperature records showing the effect of boiler 
heat on the temperature of corn. 


Y STEEL BULKHEAD 
SHIFTING BOARDS 


(Cargo No. 2.) 


dropped until April 
2, when steam was 
again gentrated in 
the donkey boilers, 
the heat immediately 
affecting the temper- 
ature of the corn, 
which .increased 22 
degrees in four days. 
On April 6 the corn 
surrounding ther- 
mometer 19 had a 
temperature of 106° 
F. as compared with 
a temperature of 
but 59° F. for the 
corn surrounding 
thermometer 20. 

It will be seen in 


Table 14 that the corn surrounding thermometer 19, opposite the 


donkey boilers, underwent by far the most deterioration. 


Sample 
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No. 19, which was fastened to thermometer 19, as compared with 
sample No. 20, which was fastened to thermometer 20, showed a 
greater increase in acidity during the voyage by 10.8 c. c¢., and a 
greater decrease in germination by 59 per cent, sound kernels by 47 
per cent, and weight per bushel by 3.5 pounds. 


CHANGE IN TEMPERATURE AND CONDITION OF THE NATURAL CORN IN HOLD NO. 4. 


During the voyage the natural corn in hold 4 became hot and 
badly damaged in the upper part of the hold and along the shaft 
tunnelin the bottom, 
as is shown in figure 
23. The greatest 
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22 in figure 23. The 

Fa. 23.—Hold 4: Temperature records of the electrical resistance : 
thermometers, location of the thermometers in the hold, and sam- temperatur e of the 
ples secured in Denmark. Heavy shading represents heat- eorn located about 4 


damaged corn. (Cargo No. 2.) feet down increased 
at about the same rate as at the surface, but did not start to increase 
so soon; the temperature at this point was 115° F. on April 6, as 
compared with 128° F. for the surface corn. (See temperature 
record for thermometer 24.) 

It was still longer before the increase in temperature of the corn 
located about 12 feet below the surface began to be pronounced. 
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By March 26, the temperature had increased to 93° F., after which 
it remained practically stationary until April 2, but during the next 
five days it showed a rapid increase and was 116° F. on April 7, as 
is shown by the temperature record for thermometer 26. It should 
be noted tuhaw ne ter a a ene: ea 0 an dS ML = Te yr r= Pc [+ TT = Sy 
perature increased rap- Boe 

idly in the three posi- Paes 2620 PEACH 

tions mentioned from |. nana 

the 12th to the 24th 
of March, a period of 
the voyage during Srecre Wedu GuiKAZAD 
which the weather PT | 
was rough. Ther- 
mometer 28, located 
about two-thirds of 
the distance down in 
the hold, indicated a 
temperature of 66° F. 
on April 8, which was 
an increase of but 9 
degrees during the 
voyage. The temper- 
ature of the corn near 
the bottom of the 
hold varied somewhat 
with the water tem- BEBRGUSEGE 
perature, reaching its Sa ee 
maximum of 67° F - Fa. 24.—Hold 4: Temperature records showing the eilect of heat 
on March 10, after from the engines on the temperature of corn. (Cargo No. 2.) 
which it gradually decreased to 49° F. on April 7, at which time 
the water temperature was 33° F. 


TEMPERATURE °F 


TasLe 14.—EHffect of boiler heat on the corn. 


Increase. Decrease. 
Sample Locati “ 
ocation along the bulkhead. Tot 

aya: ae Acid- | Moist- | Germi- | Sound oy oe 
aie ity. ure. nation. | kernels. Dachele 

‘ } resis c.c. |Per cent.|Per cent.|Per cent.) Pounds. 

19 | Opposite donkey boiler..........-.-.--- 38 12.6 Qe 59 58.4 3.75 
20 | Opposite coal bunker........-----..--- 6 1.8 2.6 (4) 10.7 325 

1 No change. 


Note that the temperature of the corn was over 100° F. near the 
surface for 14 days before it was discharged, 4 feet under the surface 
for 13 davs, and 12 feet under the surface for 3 days. 
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INFLUENCE OF ENGINE HEAT ON THE CORN. 


It will be seen by the temperature records in figure 24 that the 
temperature of the corn located next to the bulkhead separating hold 
4 from the engine room was influenced to a considerable extent by 
the temperature in the engine room, expecially during the early part 
of the voyage. 

There was an unventilated water-tank space next to the engine 
room bulkhead in the upper part of the hold, which was separated 
from the cargo space by a board bulkhead that was not air-tight. 
Thermometer 23, which was located next to the tank-space bulkhead 
in the upper part of the corn, indicated an increase from 60° to 90° F., 
or an increase of 30 degrees the first 8 days ending March 10, during 
which time the corn stowed the same height but about 20 feet back 
from the bulkhead increased only 3 degrees and did not reach 90° F. 
until about March 21, 11 days later. 


TaBLe 15.—Condition of the natural corn in hold 4 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the hold, from top to 
bottom. 


[T 21, ete., represents samples in crossed-wire containers, fastened to resistance thermometers of the same 
numbers; * indicates not included in the average. ] 


Temperature. ere Acidity. Germination. |Sound kernels. Weems 
Sam- | 
ple | 
Now | oa. | As dis- |y2h§, | As dis- |,A8 | As dis- | )A8 | as dis: |,A8 | as dis-| 48 | Asis: 
nals charged.| ,q_ | charged. el charged. ed, |charged.| “Gq. |charged. eau charged. 
ap Oc Hise ||thes Chel|| eesea Gnd |imC.C: C.C: P.ct.| P. ct. | P.ct.| > P. ct. | Pounds. Pounds. 
Fivea §2 nla Eye) ths 5) 2. (12051 41.0} 60 0 | 95.5 0 53. 25 45. 50 
y 128 | 19.1 18.9 | 20.2 43.9 73 0} 92.1 0 53. 50 43.25 
£135 "ee asee FAV SA on os = ERS OM iva nae EOS. Secce FQ! | oot oe | Eee 
iy SA eSse- ile tava seer 39.6)/2-c-.-- We ee See 13:74) a)csspecssee 48. 00 
134 |. ..2- aA Se Mes ees a ye be Pe OF Paeaes OU caseceee 48.25 
TSH" eee TON SH As SER 45S OURS Sas 0 |acaeee 0} cco 45.50 
106 | 19.3 16.4 | 20.0 ANK9 73 6 | 94.0 29.6 52.50 49.50 
116 | 19.0 18.5 |] 24.6 37.1 58 0 | 93.0 0 54.50 51.00 
OTA Beier LOMO! een BON ON eee OW ee 155-9" |e oeeeenee 49.00 
125 |<: terse 16S0n Se see SBC on SS WN eaecee Uh ereoee 6 49.50 
89 | 18.6 16.8 | 19.5 | 29.7 63 22 ; 94.4 55.8 54.25 50.75 
95 | 18.6 13.6 | 20.1) ) 26.3 73 52 | 97.5 86.4 93-00) |-aeaceeae 
116 | 18.5 16.0 | 18.6 | 32.9 62 16 | 92.8 42.7 53.75 49.75 
WPS Se eae LORS) eres RPA EH Soe OR Sener O450 5 eee seciaie 49.25 
S65 oo~ TS SG etere 77 ee Lees atsbleesaac 84 al ee eee 50. 50 
x dalle IRE) ee eaae YE) Wee ies ZOU erga 83.00 Ese eee 51.00 
93 | 18.6 18.5 | 19.2 28.7 70 0 | 96.3 57.2 53.00 48.00 
66 | 18.8 17.8 | 18.7 24.4 66 68 | 95.9 95.8 54.00 53. 00 
DUO FoSeer ANNs raters 2990) <tr 6 | Sseert 4905 2% =o aaa 51.00 
Widgl Sacto LOEO} | Sesser 7) beg bs OA he Bet 85: Sie eee 51.75 
66ileaeeee LOMO) Ree Pa OS ere 42 ee Sas 91.9) | sso eee 52.00 
85 | 19.1 18.6 | 21.1 26.2 58 27 | 94.1 89.7 52.00 50.00 
95 | 19.0 18.3 | 20.7 28.4 70 9 | 92.7 55.5 53.75 ! 50. 00 
74 | 19.2 18.6 | 18.5 24.6 68 65 | 95.5) 96.0 53. 25 51.50 
59 | 18.8 18.2 | 18.7 22.9 rai 69 | 95.1 | 86.5 54. 00 53.50 
G4) S582 ec ile ee 2B Nae tee 22 do Se | 84.'6. |ino22 seer 48.75 
59 | 18.7 18.2 | 20.3 24.4| 61 69 | 97.0 | 95.4 54.00 53. 25 
TOO: 7 18.4 | 20.4 24.3 67 59 | 94.2 86.0 53.50 52.50 
67 | 18.9 18.4 | 19.8 23.2 77 68 | 95.4 94.5 53. 25 52. 25 


During the first part of the voyage, to March 23, thermometer 25, 
located against the lower part of the tank-space bulkhead about 10 
feet from the surface, also indicated a higher temperature than ther- 
mometer 26, located the same height but some distance back in the 
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hold. During the remainder of the voyage the temperature of the 
corn stowed next to the tank-space bulkhead did not vary a great 
deal until the last few days when it increased 21 degrees in 3 days 
near the surface of the corn and 15 degrees in 4 days 10 feet below 
the surface. The temperature of the corn stowed back from the 
tank space continued to increase irregularly during the whole of the 
voyage and reached 115° F. near the surface and 116° F. 10 feet 
below the surface before it was discharged. Thermometer 27, located 
next to the engine room bulkhead about 20 feet from the surface of 
the corn indicated an increase from 56° to 90° F., or an increase of 
34 degrees during the first 12 days ending March 14, as compared 
with an increase from 56° to 62° F., or 6 degrees, in the corn stowed 
the same height but some distance back from the bulkhead, as was 
indicated by thermometer 28. From March 14 on there was but 
little change in either position. The temperature of the corn near 
the bottom varied somewhat with the water temperature, as is 
shown by the temperature records for thermometers 29 and 30, that 
near the bulkhead being generally somewhat higher than the corn 
some distance back. 

The corn stowed next to the tunnel was affected by the heat which 
penetrated the tunnel from the engine room, the details of which are 
explained under the discussion of the changes that took place in the 
corn in hold 5. 

The changes in the condition of the corn during the voyage in 
various positions of stowage in the hold are shown in Table 15. The 
averages of the corn as discharged were: Acidity 29.8 c. c., germina- 
tion 25.8 per cent, sound kernels 54.1 per cent, and 49.93 pounds test 
weight per bushel, which was an average increase during the voyage 
of 9.8 c. c. in acidity, and an average decrease of 41.1 per cent in ger- 
mination, 40.5 per cent in sound kernels, and a little over 3.5 pounds 
in test weight per bushel. 


CHANGE IN TEMPERATURE AND CONDITION OF THE NATURAL CORN IN HOLD NO. 5. 


About one-fifth of the natural corn in hold 5 became heat damaged 
while it was in the vessel. The heating corn was found at the top 
to about one-fourth the distance down and also along the shaft 
tunnel. In the heating corn on top the highest temperature and the 
greatest damage were found at the surface, while in the heating 
corn along the shaft tunnel, the highest temperature and the greatest 
damage were found in the corn located against the tunnel. 

The temperature of the corn in this hold at time of loading varied 
from 53° to 55° F. During the voyage the corn near the surface 
on a level with the main deck gradually increased in temperature 
until it reached a maximum of 122° F. on April 2, 3 days before 
the ship was docked, as is shown by the temperature records for 
thermometer 38 in figure 25. The temperature of the corn about 
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5 feet below the surface and the remainder of the corn in the hold, 
excepting that which was located on and near the shaft tunnel, 
changed but little before the cargo arrived in Denmark, as is shown 
by the temperature records for thermometers 38 and 41. But, 
during the discharge of the cargo, which took 15 days, the corn 
at the new surfaces formed from day to day would frequently get hot 
from one day to another. Thus the corn nearly halfway down in 


MARCH as the hold was cool 
A AE A 2 


i [ and sound when it 
aii hs aif Fait jalatet 
see ees cae Pa HT a was first exposed but 
SE ipl T vot hot before it was 
110 7 Seo + tens septs; oD f % 
©1090 H HoH 4 discharged, as is 
K 90 T hal i 7 
S eof HH eee! CO shown bysample No. 
é Lqnperss ialsiizidelalsniat 82in figure 25, which 
60144 = . : 
W oP PANT tN ak a Par Me had a temperature 
5 = , fpr ¢ = 
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le . 
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PY & 9 Gj e 
Gene Po ys hold 
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so 8 ok ka Table 16 shows 
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pO pet Rare the condition of the 
118 25.1 186 78 ° . . 
28 194 3123 70 29 18478 = individual samples 
é 9. . 
82 175 256 See meses as discharged as 
eee compared to the 
Zomae Ses PP eee ee 6 scondition as. loadede 
85 187 23.1 ry . 
It will be seen in 
Table 10 that the 
averages for the corn 
as discharged were: 
“a8 Acidity, 26.3.1¢. ¢.; 
ae germination 29.9 per 
ii cent, sound kernels 
see increta cn peices ae 72.9 per cent, and 
ao Eesti. k pO a weight per bushel 
50.6 pounds, which 
Fic. 25.—Hold 5: Temperature records of the electrical resistance A 
thermometers, location of the thermometers in the hold, and sam- Was an average oh 
ples secured in Denmark. Heavy shading represents heat- crease from the con- 


damaged corn. (Cargo No. 2.) oe 
dition as loaded of 


5.9 c. c. in acidity, and an average decrease of 36.9 per cent in germin- 
ation, 21.1 per cent in sound kernels, and 2.75 pounds in test weight 
per bushel. 

INFLUENCE OF TUNNEL HEAT. 

The temperature of the corn located next to the shaft tunnel in 
holds 4 and 5 was noticeably affected by the tunnel temperature, as 
is shown in figures 26 and 27. The tunnel was constructed from 
steel and was unprotected, excepting that part of it which was 
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directly under the hatches, where it had a plank covering. In hold 
4, five thermometers were placed in the corn the same height as the 
top of the tunnel, as is illustrated in figure 26. Thermometer 36 was 
located on the steel side of the ship, where the temperature varied 
with and was always about the same as that of the sea water. 
Two thermometers were placed halfway between the tunnel and the 
outside, thermometer 34 on the port side and 35 on the starboard side, 
and the temperature of the corn in both of these positions remained 
practically the same throughout the whole of the voyage. The two 
remaining thermometers were placed on the tunnel, thermometer 32 
on the unprotected steel part and 33 on the plank protected part. 
The temperature records for thermometers 32 and 33 show that the 
temperature next to 


the tunnel remained $2) me 6) BIO Ie 1S I aa 20 22°24 26 28 30”) 
‘ \ | [chet 

unchanged until the 4 +++) 4+ EHH Hi 

1 F tu ty mo 7 4+ | | Goce 381 
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next seven days, 
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of 95° F. on March 10. 4S 8.8 BOE ed 

. . . 5 Re S 2 
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cornthatwaslocated 33 123 264 es oS ee oe Eco 
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against thesteel part ™ '82 229 59 - 


of the tunnel was the 
4 3 Fic. 26.—Hold 4: Temperature records of the electrical resistance ther- 
fir st to show a rapid mometers and ‘‘trap”? samples located at the height of the top of 
increase, and alsothe the shaft tunnel. Samples secured in Denmark. Heavy shading 
: 5 represents heat-damaged corn. (Cargo No. 2. 
greatest daily in- , Deve 


crease, in temperatures. After March 10 there was a decided drop in 
both the air and water temperatures, and also a corresponding drop 
in the temperature of the corn next to the tunnel. The corn, how- 
ever, remained above 80° F. until April 1, after which there was again 
a decided drop in temperature corresponding to the drop in the air 
and water temperatures at this time. The corn located against the 
steel part of the tunnel was, however, in this case the first to show 
the decrease, and also showed the greatest daily decrease, a condition 
which was just the reverse of that at the beginning of the voyage. 
This illustrates the fact that the unprotected steel tunnel is a better 
conductor of heat than when it is protected by a plank sheeting. 
During practically the whole of the voyage, the temperature of the 
corn stowed next to the tunnel was over 20 degrees higher than the 
temperature of the corn stowed halfway out from the tunnel. 
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TABLE 16.—Condition of the natural corn in hold 5 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the hold, from top to 
bottom. 


[T 37, etc., represents samples in crossed-wire containers fastened to resistance thermometers of the same 
numbers; * indicates not included in the average.]} 


Temperature. oes Acidity. Germination. |Sound kernels. Ween 
Sam- 
ie 
o. | As et AS . As As : As : As : 
~7_| As dis- |,--4 | As dis- _| As dis- _| As dis- As dis- As dis- 

lee charged. toad charged. mae charged ee charged ied charged. ens charged. 
OHS SoH Wie Chalke alan | Ca Cs cre. Pet." PB. ict. | -Piet.|| Ps ‘cts || Pounds. | Pounds: 
JMB 53 122 | 19.1 I a s9 29.0 75 20 | 93.2 47.7 53.75 51.00 
Us eesdad Hits || Seobec LSHOa ese eee Pai Pee os OF |eaeeee OS OW oo hemes 49.50 
(Sass se WO) leer one i035 25) Beeeae 2359 4\- zc cf-5 bye Paes O87) | ciate oe See §2.00 
T 38 53 64 | 19.2 18.4 | 22.4 31.3 66 55 | 90.3 89.0 52.50 52.00 
SOR ease We) eSaSae Ab GU) ey ee Se Pe hi \leaanse OF Saeaae Uh BEA cece 47.75 
Gil emcee ae seers 1S Gi8|Sonrerre 26.7 || =5 a= 30! }2-2<2 SURO Peewee 49.25 
82) Wetcce ae ATDilesscce 17.15 |2Ssebe Mie t eae Soe 7 LN ree ae 88.6) |=). loese oe 49. 25 
Soh lean 62nPeeas USE Oa eet 2d180[ ames AQ oes 10 So al eres eg ea 50. 25 
T 39 54 CAD UL SHT Moe eters 19.5 29.6 62 4 | 95.9 89.8 53.20, || ceeds 
T 40 55 95 | 18.4 18.4 | 19.9 28.5 63 0 | 95.1 35. 2 53.50 51.00 
Base (Boece ib ea Beano DAR 2 | Deiter e Ob emcee STi 2a Sceeee eee 51.00 
T 41 54 61 | 18.3 18.6 | 20.6 26.2 68 58 | 95.5 84.8 53.75 52.00 
1 Sea G3) eee 1 fa )ot/ | SMS Paya bal Ee (i) ES Bee 02s 4 ate hee 51.75 


The influence of the tunnel heat on the corn in hold 5, is illustrated 
by the temperature records for thermometers 39, 40, and 41 in figure 
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Fic. 27.—Hold 5: Temperature records of the electrical resistance 
thermometers, location of the thermometers, and ‘trap’? samples 
located at the height of the top of the shaft tunnel. Samples se- 


cured in 


corn. 


(Cargo No. 2.) 


Denmark. 


Heavy shading represents heat-damaged 


27. Thermometer 40° 
was located on the 
steel part of the tun- 
nel, thermometer 39 
about 3 feet above 
the plank covered 
part of the tunnel, 
and thermometer 41 
thesame height asthe 
top of the tunnel but 
halfway out toward 
the side of the ship. 
Thermometer 40 indi- 
cated a rapid increase 
in temperature during 
the first week after 
the vessel sailed, and 
registered 95° F. on 
March 10. The tem- 


perature decreased to 86° F. on March 11, after which it did not vary 
much until the steamship arrived at Denmark, when the temperature 
The temperature of the corn 
along the tunnel varied with the water and air temperature, but was 


dropped 16 degrees in four days. 


considerably higher after the first few days. 


Thermometer 39 


located 3 feet above the plank covered part of the tunnel registered 
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an increase of but 17 degrees during the voyage, and thermometer 41 
located halfway out registered an increase of only 7 degrees. ‘The 
temperature of the corn stowed against the tunnel did not go above 
95° F. in either hold, but the corn became sour and moldy and was in 
a dangerous condition for storage after it was discharged. 

TABLE 17.—Changes that took place in the condition of the corn located on the shaft tunnel 


compared with the changes in the corn stowed the same height in the holds but located 
halfway between the tunnel and the side of the vessel. 


| | 
Increase D ae its | Increase | Decrease | Decrease ev eee 
Sample No. Location. in tem- TAGetTe in in germi- in sound pe ae 
perature. | oontent. acidity. | nation. | kernels. reel 
Hold 4: SEH. Per cent. Cc: Per cent. | Per cent. | Pounds. 
Cais cece On tunnel, wooden part... . 28 0.5 25.5 31 4.4 2.00 
CCS SSBEE On tunnel, steel part. --..-- 38 ail 38.5 61 37.2 3.75 
BOA oo mC mt CL ot, elne clare -jtata = 33 .6 32.0 46 20.8 2.87 
34 and 36°} Tunnel height, halfway out. 12 6 25.7 » 4.0 1.12 
Hold 5: 
ADE ee Onitunneles 2 scoee te eee 40 .0 42.5 63 59.9 2.50 
ie Aelia Tunnel height, halfway out. 7 3.3 28.0 10 10.7 7G 


1 Data represent averages for samples Nos. 32 and 33. 
2 Data represent averages for samples Nos. 34 and 36. 
3 Increase. 


It will be seen in Table 17 that the corn stowed against the tunnel 
underwent a more severe deterioration than the corn stowed the 
same height but halfway out toward the side of the hold; and also, 
that the corn stowed along the steel side of the tunnel became more 
damaged than the corn stowed against the plank covered part of the 


tunnel. 
“SWEAT” AND FERMENTATION IN THE HOLDS. 


The effects of ‘‘sweat’’ were shown very distinctly immediately 
under the hatch combings and deck beams in each hold. The 
‘“sweat’’ which condensed on the under side of the deck fell on the 
surface of the corn where it supplied the necessary moisture for 
fermentation. While the amount of corn that was damaged by 
‘“‘sweat”’ alone was not very large, the fermentation which it started 
and the heat which was generated, spread to the unaffected parts 
and in that way caused much damage as a result of the long voyage. 
This condition usually happens early in the voyage. Table 18 
shows the result of ‘‘sweat’’ on the corn located immediately under 
the hatch beams. 


TaBLe 18.—Effect of “sweat”’ on the corn which was located immediately under the hatch 


beams. 
. Weight . 
Hold | Temper- | Moisture a Germi- a eet | SOUT. 
Sample No. No. ature. | content. DEE nation. Acidity kernels. 
bushel. 

oR. Per cent.| Pounds. | Per cent. Cues Per cent. 
43 Bey SSR See ee 4p a Press 1 110 43.6 (Q) 0 65.7 0 
SP) eyed Bin Saat sae 5 3 nae a 2 138 34.6 48.00 0 75.5 0 
GUE). bts. Lae sat eS 3 155 54. 6 Q) 0 110. 0 
fay OS Mie tee es Se penne Ses eo 4 135 48.1 (1) 0 83.9 0 
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In fermenting corn, the r oisture contained within the kernels is 
liberated quite rapidly, and escapes in the form of vapor. After the 
cargo arrived in Aalborg, the hot corn under the hatch in hold 2 was 
discharged to a depth of about 8 feet, and then the hatch closed 
again. While the hatch was open, there was no ‘‘sweat’’ dropping 
from the hatch beams because the heated moisture-laden air escaped 
through ventilation, but, a short time after the hatch had been 
closed the water was found to be dripping from the deck and hatch 
beams quite rapidly, which stopped again after the hatch had been 
opened a few minutes. During the voyage all of the ventilators 
leading to the corn were kept closed. 

CORRELATION OF THE CHANGES IN THE TEMPERATURE OF THE CORN AND THE 
CHANGES IN SOUND KERNELS, ACIDITY, GERMINATION, AND TEST WEIGHT PER 
BUSHEL. 

It was seen in the tables giving the detailed analyses of the samples 
that considerable change took place in the temperature and con- 

dition of the corn in 
the various positions 
of stowage while the 
corn was in the vessel. 

The increase in the 

3a, | temperature of the 


orn in tl 
aero} ” 


vesselis brought about 
principally through 
(1) inherent causes, 
usually fermentation, 
which produces heat, 


AVERAGE SOUND KERNELS - %o and (2) external in- 
—— ————— 


394 fluences, such as higher 
air and sea-water 
temperatures and the 
heat from the ship’s 
machinery, which 
penetrates the cargo 
holds and frequently 
induces fermentation. 
As the corn in bulk 
does not afford suffi- 


f= CONDITION OF THE CORN AS LOADED cient ventilation for 

RB - CONDITION OF THE CORN AS DISCHARGED theo heat to Tecate 
Fig. 28.—Diagram showing the correlation of the temperature and € 3 SERBS, 
condition of the corn samples in crossed-wire containers as loaded the tempera ture con- 


and as discharged. (Cargo No. 2.) tinues to increase un- 
til the corn gets hot. The maximum temperature recorded in this 
cargo as discharged was 155° F. 


FRANGE IN THE TEMPERATURE OF THE CORN AS DISCHARGED- 
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The temperature of hot corn cften decreases after the corn has 
been fermenting for some time, due n> 
doubt to the more or less complete de- 
struction of the compounds and tissues 
upon which the biochemical processes act. 

By examining figure 28, it will be seen 
that there is a close relation between the 
deterioration of the corn and the increase 
in temperature. 


(Cargo No.3.) 


CARGO No. 3. 


Cargo No. 3 consisted of 145,714 bushels 
of natural corn. The corn was loaded De- 
cember 22 and 23,1911. The vessel sailed 
December 24 and arrived in Bremerhaven 
January 7, where the corn was discharged 
from January 10 to 14. The length of 
the ocean voyage was 14 days. The max- 
imum time that any of the corn was in 
the vessel was 23 days and the average 
time 21 days. 


HOLD 2 


HOLOS 


9@ “52 


"/5 @7/6@ “7 Ub is % : 
The heavy shading represents heat-damaged corn discharged. 


HEAVY SHADING REPRESENTS HOT OGRN 
LIGHT SHADING REPRESENTS COOL GORN 


STOWAGE OF THE CORN. 


NOTE- 


The steamship had six cargo holds, as 
is shown in figure 29, and each of the 
holds was only partly filled with corn. 
The vessel had two shaft tunnels running 
through the bottom of holds 3, 4, 5, and 6, 
one of which carried steam pipes that sup- 
plied the steam for the rudder machinery. 
Both tunnels were ventilated. 


CONDITION OF THE CORN AS LOADED. 


The condition of the corn as loaded is 
shown in Tables 19 and 20. The averages 
for the various factors in the corn as loaded 
were as follows: Moisture content 19.3 per 
cent, acidity 16.8 c. c., germination 73.4 per 
cent, sound kernels 93.4 per cent, weight 
per bushel 54.5 pounds. The corn at 
this time had an average temperature of 
32° F. It will be noted that the corn 
was In very sound condition as indicated 
by the extremely low acidity test of 16.8 
c. c 


(A)=CONDITION OF THE CORN OVER STARBOARD SHAFT TUNNE!* 


(B)=CGONDITION OF THE GORN OVER PORT SHAFT TUNNEL 


- TOPOS CORN, 
Fic. 29.—Diagram showing arrangement of the steamship and stowage of the corn in holds. 


- 
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Taste 19.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 3, as loaded and as discharged, by holds. 


Tempera- | Moisture east Germina- Sound Weight 
Hold. ture. content. | Acidity. tion. kernels. aed 

Hold 1: on Per cent. Cuies Per cent. Per cent. Pounds. 

AS loaded:.2h\222o2escs see 32. 0- 32.0 18. 7-19. 0 14.0-15.0} 74.0-80.0 | 90.8-94.5 54. 0-55. 5 

As discharged..-.-.--.------- 36.0- 37.0 | 18.1-18.6 | 18.5-20.5 | 79.0-82.0 | 89.8-95.8 | 53.7-54.2 
Hold 2: 

As loaded .....--.----------| 30.0— 31.0] 18.3-18.8 15. 5-16. 5 71.0-81.0 93. 1-95. 3 53. 5-55. 5 

Wsidischarred:--22..-226--- 34.0- 41.0 | 17.4-18.8] 17.5-20.5 | 66.0-78.0 | 92.0-94.3 | 53.5-56.0 
Hold 3: 

Asiloaded 4h. 22----c5-2-- 31.0- 32.0 18.1-19.7 14.0-18.0 } 71.0-80.0 | 90. 8-96. 2 54. 0-55. 5 

As discharged...----------- 33. 0- 48.0 17. 6-19.4 16.0-19.0 | 60.0-87.0 82.8-97.0 ] 52.3-55.0 
Hold 4: 

Asiloaded): .: 255-2 ec5-.- = 31.0- 46.0 | 19.1-20.6 16.0-20.5 | 61.0-78.0 91. 2-94. 7 53. 0-56. 0 

As discharged. -------.----- 42. 0-132.0 17.9-26.8 18. 0-46. 0 0-82. 0 0-96. 3 41. 5-56. 0 
Hold 5: 

IAsioad eds aeccce en see 27.0- 32.0 19. 1-20.8 16.5-19.0 | 55.0-85.0 90. 6-95. 7 52. 0-55. 0 

‘As discharged)... 7-2-2 == 32. 0-119. 0 18. 6-22.9 17. 5-37.0 0-84. 0 0-95. 8 46. 0-54. 0 
Hold 6: 

Asiloaded!_--222--=--- 2ss% 28. 0- 32.0 18. 4-19. 3 15.5-17.0 | 82.0-91.0 95. 7-98. 7 55. 0-56. 0 

iNsidischargedsec-ssces2 = 37.0- 52.0 18. 3-18.9 18. 0-18. 0 80. 0-91. 0 92.1-97.1 | 54. 5-55. 0 
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s ww E 
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Sok Baers a a 
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32) 20 250 62 ’ 
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25 30 240 68 seo ie oe 
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72 200 = < : 
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STARBOARD 


TOP OF CORN 


40 68 215 48 
“| 66 205 47 
42 84 190 49 


45 74 175 
44 75 175 
43 74 180 
46 42 205 


Fic. 30.—Ilustrating the position of stowage of the corn in holds 
4, 5, and 6, cargo No. 3, and the effect of the heat from the shaft 
tunnel on the corn surrounding the starboard tunnel. The heavy 
shading represents heat-damaged corn as discharged. (Cargo 
No. 3.) 
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TaBLe 20.—Condition of the corn in cargo No. 3 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the holds from top to 
bottom. 


Tempera- Moisture ete Germina- | Sound ker- | Weight per 
tae! content. Acidity. tion. iels. bashes 
Hold ond sample : : 3 = : Pi AB DAA id 
0. so od lo od le od [wy ad |y aD ls ae 
83) Fh 83 / FR (83 / FR | sg/ Sh / ss | Se] 8s | Oh 
an? as a® ns n? ag n® as a? 2 n? ae 
<q <5 |< <5 | <4 <5 | <4 <a | <4 do | 4 "5 
CHCMACROS \U2-(Ch al Ps Challtbr Cts Py CEs |) Lg0ss- | ag08 
15.0] 20.0 79 82 | 90.8 | 90.9 | 55.50 | 54.00 
1450) +2055 73 80] 91.5 | 89.8 | 54.50] 54.50 
THOM, A885 79 79 | 94.5 | 95.8] 54.00] 53.75 
Sosa: AS AON) As Se 78) [eee 19220 laces. -|e50,00 
1525) |- 1725 70 75 | 93.1 | 92.0] 53.50} 54.00 
16.5 | 20.5 73 66 | 95.3] 93.1] 54.50] 54.50 
16.0] 19.0 80 75 | 95.0 | 94.3 | 55.50 | 53.50 
REET 1940 | se coe Ti oases SOul. 9-2-2. |b. 00 
See iy aishid oe nen Tor enol GAN6, 9. ee || 54: 00 
See 19500 eee GORE rae 8803) | Sone 58. 00 
17.5| 17.0 75 71 | 92.1] 93.6] 55.00 | 54.00 
15.5 18.0 73 76 | 93.5 | 94.0] 54.00] 52.50 
16.5 | 17.0 74 69 | 95.2} 97.0] 54.00} 52.25 
14.0] 18.5 78 77 | 96.2 | 82.8] 55.00 | 53.50 
16.0 | 16.0 73 77 | 94.2 | 97.0] 55.00 | 54.50 
17.0 | 16.0 79 85 | 90.8 | 95.1] 55.50 | 54.25 
Leo e180 70 76 | 91.5 | 93.9] 54.50 | 53.75 
18.0 | 17.5 73 83 | 92.9 | 91.0 | 54.00] 54.50 
14.5] 19.0 77 741 93.6 |} 92.6] 55.00] 54.00 
17.0 | 25.0 67 33 | 93.0 | 659.0} 55.00} 50.75 
17.5 | 18.0 67 66 | 93.2} 90.4 | 56.00 | 55.00 
18.0} 19.0 61 81 | 91.2} 87.7 | 53.60 | 54.00 
17.0 19.5 78 64 | 92.9 | 92.2] 65.00 | 62.75 
17.0 18.0 70 73 | 94.7 | 87.3 | 55,00 | 53.00 
16.5 | 24.0 69 30 | 93.0} 75.2] 54.60 | 60.75 
19.0 | 20.0 69 72 | 92.2 | 89.4] 53.00] 58.25 
17.0] 19.5 67 72 | 92.0} 90.2] 54.00} 52.75 
17.0] 18.0 70 : 88.7 | 54.50 | 53.00 
16.0 | 27.5 76 55.6 | 55.00 | 50.50 
aceite DONO seer Bile 2u|geeees edo. 25 
yeh s 36,0) ee Bee eee Ee | 43.00 
Rete DU iri |e a SSiG thee 2 110 53.00 
Leta 2550) (uss 67.8 |_......| 56.00 
20:5 | 31.0 68 53.8 | 54.75 | 51.00 
win fe O70 eee: Ques eae 2h 2) h. Fe ea. 50 
rire: AG On| rms One ete: Ope ee al casei) 
Serer LSiSul pose Wife. 25) O68) (Ts 27h 55.00 
aa pecan a sl ae TS Yolo (een (thi | See ee CO | aaeaae 5 a 
Bae : Par) 
Hates HOw5 saa ees Gone tee ESC SAE Seep ae 
Port side— 
(1) Se eee 32 37 | 19.8 18.6 | 18.0] 21.5 Uli) 68 | 91.7 | 90.6 | 52.50} 52.25 
AGB ais, ayn Hh 32 38 | 20.8 | 19.6] 19.0] 20.5 55 66 | 94.3 | 87.6 | 54.00 | 54.00 
SOE Se 32 45 | 19.1] 19.2] 19.0] 19.0 84 84] 95.7 | 94.4] 54.50 | 53.25 
ee 27 32] 19.3 | 19.3] 16.5] 18.0] 984 74 | 93.0} 95.8 | 55.00 | 53.00 
Z| seat anil 29 32 | 19.5 | 19.0] 17.0] 17.5 67 75 | 94.6 | 94.5 | 55.00] 54.00 
zi Pee eee 31 41 | 20.0] 19.6}18.0] 17.5 73 74 | 92.3] 93.2 | 52.00 }. 58. 25 
ade teen el 32 50 | 20.5} 18.9] 17.5} 20.5] 63 42 | 90.6 | 85.5 | 55.00 | 953.00 
Starboard side— 
dts Poewt ie ds Sea iterate § ATi laces 201 bee soe. PAULO) | [eas 49: let. QIRAg eR Be: 52. 50 
ASSES. -eeeeeelasese2 a eos 48. Ah eee eyileaeee 1@Alses (Oy OP oe ae 54. 50 
Sees eee eee Ae LEO nee QM esse ROK ete Sees 46. 
ane 37.0 0 Ou|eysceee 00 
HOusteeteeaanas 32 Siel19:3)|) 18e9s|| 17.0) |) 18.0 81 80 | 95.7 | 92.1 | 56.00] 55.00 
eect epee. t.\. 28 52 | 18.4] 18.3) 15.5 | 18.0 90 91 | 98.7} 97.1 | 55.00 | 54.50 


TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION OF THE CORN AS 
DISCHARGED. , 


The top of the corn in each hold of the vessel was either below or 
near the water line. In holds 1, 2, and 3 there was very little change 
in the condition of the corn during the voyage, as shown in figure 29 
and Table 20. In holds 4, 5, and 6, which contained two shaft tunnels 
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along the bottom, the corn became badly damaged over and along 
the starboard tunnel. This is illustrated in figure 30. It will be seen 
in the cross section of hold 4 that samples Nos. 30 and 36, which were 
taken from the corn a short distance above the starboard tunnel, had a 
temperature of 132 and 128° F. and tested 36 and 46 c. ¢. in acidity. 
The corn in both samples had lost all vitality and was badly discolored. 
Compared to these, samples Nos. 37, 38, and 39, which were taken in 
the starboard tank from about thesame height, butsome distance away, 


did not exceed 65° F.im 
CARGO No.3 
ACIDITY ACC. 


temperature and 19.5 
c. c. in acidity, and 
sample No. 35, which 
was taken from directly 
above the tunnel, but 
near the surface of the 
corn, had a temperature 
of but 85° F. Sample 
No. 29, which was also 
taken from above this 
tunnel, but near thesur- 
face of the corn, had a 
temperature of 90° F. 
Thestarboard shaft tun- 
nel, which had the two 
steam pipes in it, had a 
temperature inside the 
tunnel considerably 
higher than the tem- 
perature in the port 
shaft tunnel, which did 
not have any steam 
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NGE IN THE TEMPERATURE OFTHE CORN AS DISCHARGED -°F. 
AVERAGE TEMPERATURE OF THE CORN AS LOADED Je °F -RANGE 277046 °F) 


5070 74 ; ob te 
7 pipes in it. The corn 
75 T099 : 
5s 100 r0l24. surrounding the port 
125 70/49 shaft tunnel was 


ce - = ) a 
E==CONDITION OF THE CORN AS LOADED packed,” moldy, and 
GIB =CONDITION OF THE CORN AS DISCHARGED sour, and had a higher 


Fic. 31.—Correlation of the temperature and condition of the corn temperature than the 

as loaded and as discharged. (Cargo No. 3.) corn a short distance 
away from the tunnel, but it was not hot or discolored. 'Thesame con- 
dition of damaged corn along and over the starboard shaft tunnel, 
as found in hold 4, was also found in holds 5 and 6, as will be seen 
from the cross sections of these holds. Sample No. 49, which was 
taken from the corn about a foot from the starboard shaft tunnel in 
hold 5, had a temperature of 119° F., and an acidity of 37 ¢. c., while 
sample No. 47, taken from directly above it, near the surface of the 
corn, bad a temperature of only 47° F., and an acidity of 21 c. c., and 
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sample No. 42, taken from the corn about a foot from the port tunnel, 
had a temperature of 45° F., and an 
acidity of only 19 ec. c. Sample No. 43, 
which was taken from the same height 
in the corn, but half-way between the 
tunnel and the outside of the hold, had a 
temperature still colder, 32° F., and an 
acidity of only 18 c.c. Table 19 shows 
the total range in each factor and condi- 
tion of the corn by holds as loaded and 
as discharged. Table 20 shows the con- 


s heat-damaged corn as discharged. 


: 

: E 
dition of each sample taken from the corn ; Z 
as it was being loaded and the condition ‘ 5! 
of each sample that was taken from the 2 
corn as being discharged. The correla- 3 
tion of temperature changes and changes S 
in condition of the corn is illustrated in 3 
figure 31. 2 


CARGO No. 4. 


Cargo No. 4 consisted of 197,142 bush- 
els of natural corn. The corn was loaded 
February 20 and 21, 1911. The vessel 
sailed February 22 and arrived at Brem- 
erhaven on March 8, where the corn was 
discharged March 9 to 16. The length 
of the ocean voyage was 14 days. The 
maximum time that any of the corn was 
in the vessel was 24 days and the average 
time 20 days. 


g 
$ 
S 
Q 
=a 


(Cargo No, 4.) 


(A= Tr S/iDE . 6 
] ENGINE | BOILER oro Bo Oat i ee See / 


STOWAGE OF THE CORN. 


The steamship had six cargo holds, as 
is shown in figure 32. Hold 3 was en- 
tirely filled with corn, and the remaining 
holds were only partly filled with corn. 
The vessel had two shaft tunnels running 
through the bottom of holds 4, 5, and 6, 
neither of which tunnels carried steam, 
pipes and both of which were ventilated. 


== )=c00L CORN 


GEEA=- HOT CORN 


TOP OF CORN 


gement of the steamship and stowage of the cornin the holds. 


CONDITION OF THE CORN AS LOADED. 


Mt ose 
Bia ‘so 5 
If ae 


Fig. 32.—Diagram showing arran 


The condition of the corn as loaded 
is shown in Tables 21 and 22. The 
averages for the various factors of the corn as loaded were as 

95190°—19—Bull. 7644 
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follows: Moisture content 19.5 per cent, acidity 21.0 c. ¢., germina- 
tion 69.9 per cent, sound kernels 94.0 per cent, weight per bushel 
53.4 pounds. The corn at the time of loading had an average tem- 
perature of 37.6° F. 


TasLE 21.—Rangein the principal factors, showing quality and condition of the corn in 
cargo No. 4, as loaded and as discharged, by holds. 


Tem pera- Moisture 4 ah Germina- Sound |Weight per 
Hold. ture. content, | Acidity. tion. kernels. babel 
Hold 1: ay Per cent. exc: Per cent. Per cent. Pounds. 

As loaded.....:.. me ee 35. 0- 37.0 19.4-19.6 | 20.0-21.0] 61.0-63.0] 93.5-94.2 | 53. 2-54. 2 

a aS discharged 222-4. 2-t- =.= 39. 0- 49.0 19.3-19.6 | 20.5-20.5 ) 56.0-66.0 | 90.8-91.6 | 53. 0-53. 0 
old 2: 

Ns loaded)s 24. = aeees ye heats 34.0- 34.0} 19.0-19.9 19, 0-22.0 | 63.0-75.0 | 93.3-96.6 | 53. 0-53. 0 

ae a discharged =sz5.-4- eee 39.0- 44.0] 18.6-20.4 | 20.5-27.0 | 382.0-67.0 | 73.9-93.7 | 53.0-53.5 
old 3: 

MASoadedty ca eec at en. tee 34. 0- 39.0 18. 5-20.3 19.5-22.5) 58.0 82.0] 89.1-95.6 | 52. 7-54.0 

aa ae discharged? yest seeeee 40. 0-118.0 | 18.4-38.1 | 17.0-49.0 78.0 93.4 | 48.0-53. 7 
old 4: 

Asiloaded sas suse eee = 35.0- 48.0] 18.9-20.7 | 19.5-23.0] 68.0-78.0 | 89.7-97.2] 52.2-54.2 

ae discharged: °?224. 222022 40.0- 79.0 | 18.1-20.8} 19.0-89.0] 12.0-61.0| 48.6-91.7]} 48. 5-54.0 
old 5: 

“As ‘loaded s.....-22222as2eee 36.0- 38.0} 17.6-19.7 | 20.0-25.0] 60.0-76.0 | 89.6-95.4 | 51.5-55.0 

nat a Gischarged =. 2) --ae-= 38. 0- 65.0 17. 7-20.0 | 18.0-24.5]| 48.0-77.0 | 82.9-94.8| 45. 5-53.5 
old 6: 

IAS IOAGER hactne see eee 7.0- 38.0 18.8-19.0 | 20.0-20.0] 80.0-84.0 | 91.5-93.9 | 54.0-55.0 

As discharged 2224-2 eec see 39. 0- 60.0 18, 5-19. 2 18.0-21.0 | 64.0-86.0 | 89.6-91.3 | 52.5-53.5 

| 


TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION OF THE CORN AS 
DISCHARGED. 

The steamship carrying this cargo was of practically the same 
construction as the vessel carrying cargo No. 3, except that it did 
not have any steam pipes in either of its shaft tunnels. The corn 
was loaded to varying heights in each of the six holds, only hold 3 
being entirely filled with corn. With the exception of small amounts 
of corn in the upper part of hold 3 and the forward part of hold 4, 
the corn in this cargo changed but little during the voyage and 
arrived in Europe in good condition. The detailed results of the 
analyses of the samples taken from this cargo are shown in Table 22. 

Hold 1 was filled about one-third full of corn. The corn as dis- 
charged ranged from 39° to 49° F. in temperature, 20.5 c. ¢. in 
acidity, 56 to 66 per cent in germination, and 90.8 to 91.6 per cent 
in sound kernels. 

_ Hold 2 was more than half-filled with corn. The corn as dis- 
charged ranged from 39° to 44° F. in temperature, 20.5 to 27 c. c. in 
acidity, 32 to 67 per cent in germination, and 79.9 to 93.7 per cent 
in sound kernels. Sample No. 3 represents a thin layer of corn at 
the surface which was somewhat moldy and had started to go out 
of condition. It tested 27 c. c. in acidity, germinated 32 per cent, 
and had 73.9 per cent of sound kernels. Neither of the two other 
samples taken from this hold lower down in the corn tested over 
21 c. c. in acidity or contained less then 93.5 per cent of sound 
kernels. 
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TaBuE 22.—Condition of the corn in cargo No. 4 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the holds from top to 
bottom. 


Moisture sas cen s Weight per 
Hold Temperature. content! Acidity. Germination. | Sound kernels. ite ot 
and 
a 
9 
As . AS . As . As . AS ; As : 
As dis- As dis- As dis- As dis- As dis- : As dis- 
load- | charged. fer charged. lod charged. iced charged. test charged. ee charged. 
Hold 1:] °F. pe iBactalbebay Ces Wicace Che, Pech Ps cta|\ Pict P= ce. \|Rounds:| Pounds 
aes 35 39 | 19.6 19.6 | 20.0 20.5 6 56 | 94.2 91.6 54, 25 53. 00 
pees 37 49 | 19.4 19.3 | 21.0 20. 5 63 66 | 93.5 90.8} 53.25 53. 00 
Hold 2: 
aia 4 39 | 19.7 20.4 | 21.5 27.0 63 32 | 96.6 73 9 53. 00 53. 00 
4 34 39 | 19.9 18.6 | 22.0 21.0 75 67 | 93.7 93.5 53. 00 53. 50 
5 34 44 | 19.0 20.0 | 19.0 20.5 64 59 | 93.3 O3h 76 |) poss 00 53. 00 
Hold 3 
Gt a |e Se ES aor 0 a Wal lee D2) Dulieceses 0 mets £25 7 (te Peed 48. 00 
6. 34 57 | 20.3 19.4 | 22.5 23.0 70 54 | 95.3 GIES) |) 53.00 51.75 
ie 34 59 | 20.1 19.8 | 20.0 23.0 76 52 | 93.1 87.2 | 53.00 51. 50 
cl) A ee See LUBE: Psa es ae tee 29:0) joesser es eitato tel meer scl se waeecc|'s< soe ce 
8.. 35 42 | 19.8 19.1 | 19.5 17.0 61 71 | 95.6 91.8 53. 75 53. 00 
9 39 59 | 19.3 19.4 | 21.0 22.0 70 55 | 91.4 86.6 | 53.50 51. 25 
10 37 40 | 19.6 19.5 | 21.5 18.0 64 70 | 92.6 93.4 53. 00 53. 75 
11 36 46 | 19.2 19.3 | 19.5 18.5 82 78 | 92.8 92.6 54. 00 52. 50 
12 37 53 | 19.2 19.0 | 22.0 27.5 58 46 | 90.2 8052>| 52275 51.50 
13 36 49 | 18.5 18.4 | 19.5 20. 0 60 65 | 92.6 90.6 | 53.25 DRT 
14 36 49 | 19.4 19.9 | 21.0 20.0 64 67 | 89.1 91.1 53. 00 52. 25 
Hold 4 
15 43 58 | 18.9 18.2 | 22.0 25.0 78 40 | 96.4 87.1 54. 25 51. 25 
17 35 65 | 19.4 18.1 | 19.5 27.0 76 23 | 94.7 73.9 55. 00 50. 50 
18 36 40 | 19.7 19.4 | 20.5 23.5 73 Houloore 89.5 54. 00 53. 00 
16 37 41 | 20.2 19.3 | 23.0 19.0 69 61 | 92.3 89.4 53. 50 54. 00 
( DI earns On ees a LONOH | PeSe ee PP isl eee 2 eee 82.5 |. Feet 50. 50 
19 40 66 | 19.5 20.2 | 20.5 27.0 a 33 | 95.1 (mel 53. 25 49.75 
20 37 Doe G2 celeb ae coe eee 22.0 23.0 69 60 | 94.6 91.7 53. 50 52.75 
DANSE 40 84 | 20.0 19.0 | 20.0 32.0 74 27 | 93.8 64.0 53. 25 49. 25 
22 48 81 | 21.0 19.0 | 21.0 39. 0 68 26 | 89.7 62:7 52. 75 49. 50 
23... 42 79 | 20.3 19.4 | 20.0 29.0 69 36 | 95.7 72.8 53025 48. 50 
24 48 70 | 20.3 20.2 | 19.5 39. 0 72 12'| 93. 2 48.6 52. 25 51. 00 
25 39 58 | 20.2 19:6) |) 21.'5 23.0 78 59 | 96.6 87.6 53. 50 51.50 
= 7 40 Gon le2Ood, 20.8 | 21.0 24.0 75 61 | 97.2 90.3 52. 75 Sleep 
old 5 
Ze 36 44 | 19.4 18.8 | 22.5 20. 0 63 53°) 92.'5 O85 5Rl 2: 50 52. 00 
28 38 42 | 19.7 20.0 | 22.0 19.0 71 V7 | 91.8 93.3 51. 50 45. 50 
29 36 38 | 19.4 19.5 | 21.5 19.0 73 69 | 92.1 92.3 OSS 2p iwece ss ae 
30. 37 38 | 18.4 19.2 | 25.0 23.5 60 59 | 95.4 88.0 54. 00 52. 25 
31 36 3 19.3 19.0 | 23.0 20.0 62 70 | 94.9 91.2 53.25 51.75 
32 38 62 | 17.8 18.7 | 22.5 25.0 76 55 | 89.6 82.9 55. 00 53. 50 
33 38 42 | 19.2 19.0 | 20.0 18.0 73 76 | 92.2 94.8 48. 00 53. 00 
34 37 65 | 17.6 17.7 | 21.5 24.5 74 48 | 95.0 92.6 SAKOOW Sette hts 
Hold 6 
35... 37 39 | 18.8 18.5 | 20.0 19.0 80 86 | 91.5 90. 8 54. 00 53. 00 
36... 38 59 | 19.0 19.2 | 20.0 18.0 84 74 | 93.9 91.3 55. 00 53. 50 
ote. 38 GOL |e es LOOM vee 20509) 2): 528 (28 a oe SONG) |e ace se 52. 50 
38. . 37 TA lee Saas WSii0 Veet DATRKO) eee oes GSNeeres OOAON sees 52. 50 


Hold 3 was entirely filled with corn. A small amount of the corn 
along the starboard side at the top was hot and damaged, as is 
shown in figure 33. It will be seen that samples Nos. 39 and 40 taken 
from this hot corn each had a temperature of 118° F. and an acidity 
of 32.5 c. c. in the first and 29 c. c. in the second sample. None of 
the kernels in sample No. 39 would sprout, and only 1 per cent of 
sample No. 40 had any vitality. There was a steam pipe opposite 
this hot corn which ran along the deck close to the hatch. This 
steam pipe carried live steam to the winches along the deck and 
was under pressure of steam during the first few days after the hold 
was filled with corn and again for a few days at the end of the voyage 
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before the corn in this hold was discharged. Compared with the hot 
corn, samples Nos. 6 and 7, taken from the corn near the surface 
on the port side of the hatch, had a temperature of but 57° and 59° F., 
an acidity of only 23 c. c. each, and a germination of 54 and 52 per 
cent, respectively. None of the remaining samples taken from the 

hold had a temperature higher than 59° F. 
Hold 4 was about half filled with corn. In the lower part of the 
hold there was a water tank, extending across the hold against the 
forward bulkhead, 
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FiG. 33.—Cross-section of hold 3, cargo No. 4, showing location of heat- 


damaged corn in the upper part of the hold opposite a steam pipe on than the corn locat- 
the deck. Heavy shading represents heat-damaged corn as dis- ed toward the sides 


charged. (Cargo No. 4.) ie ie Th afl al The 
averages for the samples taken from the corn located at a height even 
with the top of the shaft tunnels are shown in Table 23. It will be seen 
that those samples which represented the corn stowed next to the water 


tank had on an average a higher temperature by 23° I*., more acidity 


by 10.3 ¢. 4, was poorer in germination by 33.2 per cent, had less 
sound kernels by 29 per cent, and had a lower test weight by 3.1 
pounds per bushel than sample No. 20, which represents corn stowed 


some distance back from the tank and away from the shaft tunnels. 


TABLE 23.—Averages for the samples taken from the corn at tunnel height. 


\Graeeeee Weight 
Samples located at tunnel height hold 4. Pembe ™ 1 Acidity. vaca pom per 
; aa + * | bushel. 
Sele (Os Gs Per cent. | Per cent. | Pounds. 
Against tank (Nos. 21, 22, 23, 24)1...-..-...---------- 76 33.3 26.8 62.7 49.60 
Free from tunnels and tank, No. 20..-...-.-.-.-.-.-- 53 23.0 60. 0 91.7 52. 75 


1 Data represent averages for these samples. 


That part of the corn at the surface (in hold 4), which was located 
next to the engine-room bulkhead over the water tank, was out of 
condition, being sour, moldy, and “packed.’”’ Compared to the con- 
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dition of the corn at the surface, which was located back some dis- 
tance from the bulkhead, the corn stowed against the engine-room 
bulkhead had, on an average, a higher temperature by 21° F.,a higher 
acidity by 4.8 ¢. ¢c., and lower germination by 25.5 per cent, less 
sound kernels by 8.9 per cent, and a lower test weight per bushel by 
2.6 pounds. 

Hold 5 was nearly three-quarters filled with corn. In this hold the 
corn ranged from 38° to 65° F’. in temperature, 18 to 24.5 c. c. in acid- 
ity, 48 to 77 per cent 
in germination, and 
82.9 to 94.8 per cent in 
sound kernels. The 
corn was in good con- 
dition when discharged 
except for a small 
amount located near 
the shaft tunnels, which 
was slightly out of con- 
dition. Of the corn lo- 
cated atthesame height 
as the top of the tun- 
nels, that which was 
stowed on and between 
the tunnels had, on an 
average, a higher tem- 
perature by 6° F., a 
higher acidity by4c.c., 
a lower germination by 
11.2 percent, lesssound 
kernels by 16.1 percent, 
and a lower test weight 
per bushel by 0.5 pound 
than the corn stowed 
half way between the 


tunnels and the outside =3=COND/TION OF THE CORN AS LOADED 
of the hold, as shown IEBE=CONDITION OF THE CORN AS DISCHARGED 
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in Table 23. Fig, 34.—Correlation of the temperatures and condition of the 
Hold 6 was about corn as loaded and as discharged. (Cargo No. 4.) 
one-half filled with corn. The corn as discharged ranged from 
39 to 60° F. in temperature, 18 to 21 c. ¢. in acidity, 64 to 86 per 
cent in germination, and 89.6 to 91.3 per cent in sound kernels. 
The condition of the corn in this hold, like that in hold 5, was 
sound when discharged except that a small amount of corn stowed 
next to the shaft tunnels was slightly out of condition. Table 22 
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shows the condition of each sample taken as the cargo was being 
loaded and as the cargo was being dis- 
charged. 

The correlation of temperature changes 
and changes in condition of the corn is il- 
lustrated in figure 34, 


(Cargo No. 5.) 


CARGO No. 5. 


Cargo No. 5 consisted of 185,571 bushels 
of natural corn. The corn was loaded April 
20 to 24, 1911. ‘The steamship sailed April 
25 and arrived at Dunkirk, France, May 13, 
where the corn was discharged from May 
18 to 27. The length of the ocean voyage 
was 18 days. The maximum time that any 
of the corn was in the vessel was 38 days 
and the average time 31 days. This cargo 
was not accompanied to Europe, but was 
thoroughly sampled at time of loading in 
America and again at time of discharge in 
France. 


The heavy shading represents heat-damaged cornas discharged. 


STOWAGE OF THE CORN. 


The steamship had five cargo holds, as 
shown in figure 35. This shipment was a 
full cargo, each hold being entirely fille 
with corn, : 


CONDITION OF THE CORN AS LOADED. 


The condition of the corn as loaded is 
shown in Tables 24 and 25. The averages 
for the various factors of the corn as loaded 
were as follows: Moisture content 19.2 per 
cent, acidity 24.4 ¢. c., germination 59.1 per 
cent, sound kernels 95.2 percent, and weight 
per bushel 53.4 pounds. The corn at the 
time of loading had an average tempera- 
ture of 38° F. 


HOT CORN 


: ]=GOOLGORN 


PSERY 


"2/@ 150 


TEMPERATURE CHANGES DURING THE VOYAGE AND 
CONDITION OF THE CORN AS DISCHARGED. 


As already stated, the steamship carrying 
cargo No. 5 had each of its five holds entirely 
filled with corn. As the cargo was being 
discharged in Europe, it was found that the corn in the upper portion 


Fig. 35.—Diagram showing arrangement of the steamshipand stowage ofthe cornin holds. 
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of each hold was badly damaged. This damaged condition ig illus- 
trated in figure 35. As will be seen in Table 24, the temperature of 
the corn as discharged ranged from 59° to 138° F. in hold 1, 61 to 
142° F. in hold 2, 53 to 140° F. in hold 3, 59 to 140° F. in hold 4, 
and 64 to 138° F. in hold 5. The temperature in a general way was 
the highest at the surface of the corn and decreased toward the 
bottom. It will be seen in figure 36 and Table 25 that all of the corn 
in the lower portion of the holds was not hot, but the corn was very 
poor in condition. 


TaBLe 24.—Range in the principal factors showing guy and condition of the corn in 
cargo No. 5, as loaded and as discharged, by holds. 


Tempera- | Moisture ea. Germina- Sound Weight 
Hold. ture. content, | “cidity. tion. kernels. |per bushel. 
Hold 1: OTE Per cent. Cues Per cent. Per cent. | Pounds. 
J) NEB (GS: ¥6 (21s WE ee es 138.0 19. 4-19. 8 23. 4-28. 0 45. 0-63. 0 85. 7-95. 9 53. 0-53. 5 
= a discharged: A262 5 252 59 O=13820" | enei-a 2 se 28. 3-48. 6 0-52. 0 0-90. 2 48. 5-53.5 
0 
ASVoadedes. «33 2 28heccce st 138.0 18. 6-19. 7 19. 8-27. 4 56. 0-72. 0 92. 0-97. 0 54. 0-54. 5 
H ae Gischarged 5535. 502-6 < 61 O-149200 Fe ce cseceess 25. 4-69. 3 0-36. 0 0-73.9 48. 0-53. 3 
old 3: 
Wotlondedisek Fcc ot oa on aoe 138.0 18. 8-19. 7 22. 6-28. 6 45.0-62.0 91. 0-96. 0 52. 8-53. 8 
a ae dischargedss 2 2—--s5-- 2% 53501400) [aera concen 29. 1-72. 7 0-62. 0 0-69. 2 46. 5-53. 5 
ol 
PNSHORG GO 22 8y2 2 Res et 138.0 16. 6-19. 6 21. 2-25. 4 56. 0-74.0 94. 1-98.8 53. 0-53.8 
ot oe Gischarged:t22.22 sscec oe 595 0=140:'0' ||... 222-84 23. 7-67.1 0-64. 0 0-87. 2 47.0-53.3 
Schl tee lsc (BB eae eee 138.0 | 19.2-20.1 23. 2-24. 4 48.0-65.0 | 94.8-98.2 | 52.5-53.5 
AS dischargedicsa-c52- 6422.2 05 2 64..0=13850) |Petaacaeteee 26. 7-71. 4 0-44. 0 0-68. 6 46. 8-51.5 


1A verage temperature for the cargo. 


TABLE 25.—Condition of the corn in cargo No. & as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the holds from top to 
bottom. 


n 
2 : 
Temperature. Acidity. Germination, |Sound kernels. Welentp si 
~ . 

Hold and 3 |ss 3 3 3 % 

sample No. J y can ees = § ae a sj e 

CO) S o= ® a Cy = C7) q (>) gq 

3 oi 3) hs eels in (ea g 3 % 

2 iene oS J & cs & a & Es 

n n S n D n n n n ” n 

< <4 = < < < < < <4 < <4 

Hold 1 of OD Feea |e Cba|| (CHC Cah PP Cte -ExCton |eance Pct Lbs Lbs 
Seer See 1B t3o eae Seer BOS4s see oe (UI SESSae ys Beets se 48. 50 
1 bg at So 135 | 19.4 | 28.0 48.6 45 0 | 85.7 53.00 49. 25 
Vee Eee tet)" | cise Beal sare oe 385 faliacs sae 2A Nee ek BYU S| Ssaceee ae 51. 50 
arnt ne: 138 75 | 19.8 | 26.2 39.7 53 36 | 93.6 16.4 a2 51.00 
Dileie SE aoe Gil) S aees Soeerae 32)8,,| eee BORIS cas M2GAL ree oe eee 52.25 
See ae 63 | 19.6 | 23.4 30.8 63 34 | 95.9 57.3 53. 50 53. 25 
AcoterseTs DON tacit tale atte 725830 PERE se BO lebass G02 ZFS 28 oc 52. 50 
Hold 2 

OO tetas 184) | RE ooor Seer (ihe? SO Besaee OLE 2.88 (NUS sesesese 48. 00 
oe aoe 133 | 19.7 | 27.4 52.4 56 0 | 92.0 0 54. 25 48. 50 
Sic aeeee sae | 139 | 18.9 | 27.2 52.7 60 0 | 93.2 0 54. 50 51.00 
SO amecen st 138 Ja ee Seael ee cis G8 tH ede Ba Onesaes2 ON ae occe 48. 50 
See ea aaa T5) | escenleaseee SEA) PSecee i eceees OU eet=5 282 52.00 
Sy eget cae SPH beeaacdascind Cy Al ast OS tans: G2E8)'|Sebehs ah 50. 50 
CR Ie eee ae CY) ee Be ee ee SEES See Glia Sees OOA0 dasa - oe 50. 00 
Grisemecsecee 61 } 18.6 | 19.8 25. 4 72 26 ! 97.0 73.9 54. 00 53. 25 


1 Average for the hold. 
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TABLE 25.—Condition of the corn in cargo No. 5 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the holds from top to 
bottom—Continued. 


n 
es 3 
Temperature. a Acidity. Germination. | Sound kernels Wee 
a 
. aa rs . | . . 
Hold and S Soe g Zz 3 J 
sample No. : bo < : 50 ; 50 . 5p f Sp 
Z 8 po| 9 3 ue] a uo} 5 yo) & 
q = a o q a q = qi 
Bolods tik Wb Hui Sey) abhi B18 als 3 5 
SI ss Z a S £ a = sl £ id 
A n n n n n n 
4 a ee ete | oe 4 4 4 4 4 4 4 
Hold 3: elie ms PP Co || Cac CsCl MNCL IPects (Pach PY ch Lbs Lbs. 
OA See sos os IRE) | SooSed| beans. WAT Saar aoe OAle cea On| cme eee 46. 50 
OB Diete ees ST setete =| aes eas fe name O; | aoscee Ouse eee 48. 00 
BAG baGsocse 1S Ga eae eee 58.24 |cocece OM eeeese CON (Eee So 50. 50 
hacen aes 129 LO 7 2206 71.0 62 0 | 93.3 0 52.75 48. 00 
Dey ee Saec 1 Dal eco ees a GOT |S es OP sees. Oo | eee 48. 50 
£2 oa i dak 5 eG LIQ LOST, ie 6 49.2 50 6 | 94.9 1255 53. 50 50. 00 
Gee Ree 1 38 108 | 19.6 | 26.0 57.2 45 0 | 94.4 0 53. 50 50. 50 
38 ah OB) Pea Sb el leeccias DA Sis a he 62a] ss-256 OLA H heres s = 52. 50 
BOWRY Meee SOM ease eee 4308: |e sas = PA) ieee See 16233) cee eee 49.50 
HOU eS ee 95 | 18.8 | 25.8 32.4 45 38 | 96.0 50. 6 53.75 52. 50 
AO’ Ae ese HZ) eagor] cscs ZOE eee nies 239 beh as 66.1 || cena 53. 50 
4s Ss (ee oaoolleeseeoe LOM seeee 1S) emeee CONGs|E eee 52.00 
1 DSS ee ae 81 | 18.8 | 24.0 41.6 56 6 | 91.0 40.5 53. 25 51. 50 
Hold 4 
VANE Ae ee MAOH Ee cee| see ces Ge UalReeees Ob|esccee OWN eoceeeee 47.00 
AS Bron naeiel= eer 13 kere [ee Soe GY GU) pease 6: ss .a25 5:8) ||. os = ee 49. 50 
Lae okey | 104 | 19.4 | 25.2 61.4 63 0 | 97.6 0 53.75 47.50 
TSR se gece 127 | 18.9 | 24.2 29.0 57 0 | 95.9 0 53. 75 48.50 
ath tee eee WN eee | ee 42.02 \\as Ale - G0) eee 55:4" ose eee 51. 50 
MAFF cise = - eee Wits | 1629) 2328 29.9 66 38 | 94.1 78.6 53. 25 52.00 
DS Sam cactes 74 | 19.4 | 25.4 40. 2 63 26 | 97.9 60. 1 53.75 51.50 
LGp ode. see ee 17138 95 | 19.6 | 23.0 32.6 56 12 | 98.8 45.4 53.00 51.00 
B58 tea Nie BO) | eo I eee DE MS Bete Cae 87.2 | ocsnclsats|aleenge00 
I (ere one (2 | 19.6 |} 22.8 25.4 61 38 | 97.0 56. 7 53.25 52. 25 
1 koe ae ae 2) ALGAGH | 212, 27.9 74 34 | 95.0 75.6 53. 25 52.00 
AGia Se ees 85 |-.---.]---2-- SION ees Cea Eee S0E2 |S aseceens 51.00 
LT SE EOE eH |b seocollenanee 25204 eet O2i4| eee 19543 eee 53. 25 
i Ee peesos- 65 | 19.2 | 22.8 30.4 74 30 | 96.4 73.7 53.25 53. 25 
QO wr Se. | 63 | 18.9 | 22.8 36.3 71 10 | 97.5 64.5 53. 50 51. 50 
Hold 5 
LR BRAS Bho eee SeBeao SYG(el Baoeeo Oy ese OW) 2 22a 46.75 
Cee aS 3H ee eane DRAON | ce eee Aeyins ectare On|: eeeee 49. 50 
21s acceeee 97 | 19.2 | 24.4 34.0 53 20 | 94.8 42.3 53. 50 51.50 
HO Se .cce ese 69" eechilo costes af hel eee 28) lances 3 SAO ye See 51. 50 
D2 eS aa 101 | 20.0 | 24.4 45.0 48 10 | 98.2 16.2 52. 50 51.00 
Si eae: 138 TL sete a eee 36880 eee iN ere o 6816" lec esa 51.00 
Sy eee seats Vices eee erate (Ae eee Gel see 22 OC OnE Jeane 51.00 
53 O85 | yaeoceleceens CAC eee 1G sce 4200 tenon 49. 50 
54 Vet eee Ade || she ote] Sei ets ca Le ad ee 44 le. hoes 5425" so ee 50. 50 
7A ee eer ee S1)| 20.1) |) 2352 48.7 60 18 | 96.7 45.9 52.50 51.00 
7 Nee ast 64 | 20.1 | 24.4 40.5 65 24 | 97.4 48.8 52.75 51.50 


_ 


Average for the hold. 


As is seen from cross section of hold 1, in figure 36, the corn in 
this hold as discharged ranged in temperature from 138° F. near 
the surface to 59° F. in the lower part of the hold. The heat- 
discolored corn extended from the surface to a little over one-fourth 
down in the hold. The two samples taken from the heat-discolored 
corn, sample No. 25 from a short distance below the surface and 
sample No. 1 from the lower portion of the hot corn, had tempera- 
tures of 138° and 135° F. and tested 36.4 and 48.6 ¢. c. in acidity. 
None of the kernels in either sample would germinate. Only one 
sample taken from the corn that was not heat-discolored tested 
under 30 c. c. in acidity. This sample, No. 28, was taken about 7 
feet from the bottom of the hold. It had a temperature of 59° F-., 
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fested! 28.3" c. elim 
acidity and germi- 
nated 36 per cent, but 
sample No. 3, taken 
from still lower in the 
hold, had a tempera- 
ture of 63° F., and 
tested 30.8 c¢. ¢. in 
acidity, with a germi- 
nation of 34 per cent. 
Sample No. 26, taken 
from the upper part 
of the corn that was 
not heat discolored, 
had a temperature of 
85°F., tested 38.7 ¢.c. 
in acidity, and germi- 
nated 24 per cent. 
The temperature of 
the corn in hold 2 as 
discharged ranged 
from 142° F. in the 
heat-discolored corn 
in the upper part of 
the hold to 61° F. 
in the lower part of 
the hold, as shown 
in figure 36. All of 
the corn in the up- 
per part of the hold 
was heat-discolored. 
None of the kernels 
from the samples 
taken from the heat- 
discolored corn 
sprouted in the ger- 
mination test, and 
the samples taken 
from the cooler corn 
in the lower half of 
the hold tested low 
in germination. All 
of the samples taken 
from the various 


parts of the hold, 
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F1a. 36.—Cross-sections, holds Nos. 1 to 5, inclusive, 
locations from which the samples were taken from thecorn. The 
heavy shading represents heat-damaged corn as discharged. 


(Cargo No. 5.) 
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with one exception, tested over 30 c.c. in acidity. Sample No. 6, 
taken about 7 feet from the bottom, tested 25.4 c. c. in acidity, but 
sample No. 33, taken about the same distance from the bottom but 
on the opposite side of the hold, tested 39 c. ¢. in acidity. 

Hold 3 was one deck higher than the remaining holds in the vessel. 
In this hold the heat-discolored corn extended from the surface to 
about halfway down in the hold. The temperature of the corn, as 
is shown in figure 36, ranged from 140° F. in the heat-damaged corn 
in the upper part of the hold to 53° F. near the bottom on the star- 
board side. Only one sample, No. 8, in the heat-discolored corn, 
showed any vitality; it germinated 6 per cent. Two samples taken 
from the lower part of the hold, Nos. 39 and 11, tested 2 per cent 
and 6 per cent in germination. Both were high in acidity, testing 
43.8 c. c. and 41.6 c. c. in acidity. Two samples, Nos. 38 and 40, 
taken from the lower half of the hold, tested under 30 c. ce. in acidity. 
Sample No. 38, taken from the upper part of the corn that was not 
heat-discolored, tested 24.3 c. c. in acidity and germinated 62 per 
cent, while sample No. 40 taken about 5 feet from the bottom on the 
starboard side tested 29.1 c.c. in acidity and germinated 28 per cent. 
Sample No. 34, taken from the corn at the surface, showed the 
highest acidity test. This sample had a temperature of 138° F., 
tested 72.7 c. c. in acidity, and contained no corn that would germi- 
nate. 

As will be seen from figure 36, the temperature of the corn in hold 
No. 4, as discharged, ranged from 140° F. at the surface to 59° F. in 
the lower part of the hold. Only one sample, No. 43, taken from the 
heat-discolored corn in the upper one-fourth of the hold showed any 
vitality; it germinated 6 per cent, tested 57.6 c. c. in acidity, and 
had a temperature of 131° F. Sample No. 42, taken from the corn 
at the surface, had a temperature of 140° F., tested 67.1 ¢. ¢. in 
acidity, and had no corn that would germinate. The heat-discol- 
ored corn extended about one-fourth the distance down in the hold. 
The corn in contact with the shaft tunnel in the lower part of the 
hold was more sour, packed, and moldy than that surrounding 
it, but it was not heat-discolored. Thesame condition extended along 
the shaft tunnel in hold 5. 

The condition of the corn in hold 5 was very similar to that in hold 
4. The heat-discolored corn extended about one-fourth the distance 
down from the surface, and the remainder of the corn in the hold 
was very poor in condition. Sample No. 48, at the surface, had a 
temperature of 138° F., tested 57.7 c. c. in acidity, and had lost all 
vitality. Sample No. 24, taken from the bottom, had a tempera- 
ture of 64° F., tested 40.5 c. c. in acidity, and germinated 24 per cent. 
The condition of the corn that was not heat-discolored varied greatly 
at different positions of stowage. Sample No. 50, which was taken 
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59 


from the bulk corn just under the heat-damaged position, had a 
temperature of 69° F., tested 26.7 c. c. in acidity, and germinated 


28 per cent, while sam- 


ple No. 22, taken 
from the corn nearly 
halfway down thehold, 


had a temperature of 
101° F., tested 45 c. c. 
in acidity, and germi- 
nated 10 per cent. 
Sample No. 50 was the 
only one taken from 
the corn in this hold 
which tested under 30 
c. c. in acidity, and 
only two other sam- 
ples, Nos. 21°and 51, 
tested under 40 c. ¢. in 
acidity. Table 26 
shows the average con- 
dition of the corn in 
the cargo as loaded 
compared with the av- 
erage condition of the 
corm which was not 
heat damaged and of 
that which was heat 
discolored, as dis- 
charged, the average 
being based upon the 
samples that were 
taken from the corn,the 
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=CONDI/TION OF THE CORNAS LOADED 
CONDITION OF THE CORNAS DISCHARGEL 


Fic. 37,—Correlation of the temperature and condition of the corn 
as loaded and as discharged. (Cargo No. 5.) 


ll 


‘positions of which are illustrated in the diagrams in figures 35 and 36. 


TABLE 26.—Showing the average condition of the corn as loaded, the average condition 
of the corn as discharged, and the average condition of the heat-damaged corn as dis- 


charged. 
2 Weight 
Temper- arr Germi- | Sound = 
Stage. ature. |“ cidity. nation. | kernels. Weebl 

SH c.c Per cent. | Per cent.| Pounds. 
ASVGNAPeaS LOAG OU. As) AeA a Ne et tn 38 4.4 59.1 95. 2 53. 4 
Average of cool corn as discharged................... 77 35. 6 29. 0 | 56. 8 51.6 
Average of heat-damaged corn as discharged......... 130 55.9 1.0 1.0 48.8 


It will be seen in the table that there was considerable deterioration 


during the voyage in the corn that did not become heat-discolored 
and that the corn which did become heat-discolored was very badly 
damaged. 
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The correlation of temperature changes and changes in the con- 
dition of the corn is illustrated in figure 37. 


CARGO No. 6. 


Cargo No. 6 consisted of 200,270 bushels of corn, part of which was 
natural corn and part of which was artificially dried corn. It was 
loaded March 21 to 27, 1911. The steamship sailed March 28 and 
arrived in Rotterdam, Holland, April 17, where the corn was dis- 
charged from April 18 to April 22. The length of the ocean voyage 
was 20 days; the maximum time any of the corn was in the vessel 
was 32 days; and the average time was 27 days. 


STOWAGE OF THE CORN. 


The steamship had five cargo holds, as is shown in figure 38. This 
shipment was a full cargo, each hold being entirely filled with corn. 
Holds 1, 2, 3, and 5 were filled with natural corn, and hold 4 contained 
artificially dried corn. 


CONDITION OF THE CORN AS LOADED. 


The condition of the corn as loaded is shown in Tables 27, 28, and 
29. It will be noted from Table 28 that, on an average, the dried 
corn in hold 4 had a temperature of 50° F., was relatively high in 
acidity (27 c. c.) and low in germination (45.6 per cent), but had a low 
moisture content (15.6 percent). Sound kernels, as determined by 
mechanical analysis, averaged 92.5 per cent. The natural corn in the 
remaining holds of the cargo had an average temperature of 42° F., 
acidity of 24.3 c.c., germination of 65.3 per cent, and 95.7 per cent 
of sound kernels, but was high in moisture content, which averaged 
20.2 per cent. 


Tasie 27.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 6 as loaded and as discharged, by holds. 


Tempera- | Moisture Sa ie Germina- Sound Weight 
Hold. ture. content. Acidity. tion. kernels. {per bushel. 
Hold 1: OIE Per cent. | C.c. Per cent. | Percent. Pounds. 
As:loaded =. Ss 2smssicesse5-e 41.0- 50.0 19. 7-20. 6 22. 5-24. 2 63. 0-76. 0 93. 7-96. 3 52. 5-53.8 
as discharged! -esoseeesecce 42.0- 53.0 | 19.0-20.0] 26.3-41.4 | 16.0-45.0] 53.4-85.8 | 49.5-51.0 
Hold 2: : 
As loaded) <7 c2e- scene oe 39.0- 49.0 | 19.2-20.4 } 21.9-27.2 | 52.0-73.0 | 95.4-97.7 | 53.0-53.3 
rae dischangedis. 22402 sesc 45. 0-140. 0 15. 0-27.0 24. 8-65. 2 0-50. 0 3. 2-93. 7 46. 0-52. 0 
Hold 3: 
As oadedts . ee 24. dss 5: 37.0- 40.0 | 20.1-20.9 | 22.9-24.4 | 61.0-82.0 | 94.0-98.0 | 52.0-53.0 
a discharged)s-2 274-16. 44.0-140.0 | 17.6-20.4 | 22.8-59.5 0-55. 0 1.5-76.1 | 45.5-51.0 
Hold 4: 
Aeiloaded | so-- eer sos eees 43.0- 56.0] 14.7-16.3 | 23.2-31.0 | 24.0-61.0 | 86.1-96.5 | 53.0-54.8 
ae dischargedeeeee.- serene 50. 0- 85.0 14. 4-16. 2 25. 5-32. 7 7. 0-52. 8 57. 9-95. 6 52. 0-53. 5 
Hold 5: 
Asloaded..: ..2.- -:8et c-eec4- 40.0- 44.0 | 19.7-20.9 | 22.4-28.6 | 56-0-73.0 | 93.9-97.1 | 52.0-53.5 | 
AS GiSGHAT SCC Sees eras 44. 0-120. 0 18. 8-21.0 22. 9-54.9 5. 0-66. 0 35. 3-97.3 47. 5-52.3 


CARRYING QUALITIES OF EXPORT CORN. 61 


TABLE 28.—Average condition of the dried corn and of the natural corn in cargo No. 6 as 


loaded. 
: : Weight 
. Temper- | Moisture PEE Germina-| Sound 
Kind of corn and where stowed. Sire! content. | “cidity- | “tion. | kernels. Bechel 
S08 Per cent. cc: Per cent. | Per cent. Pounds. 
Driedicorn phil 452 22 I53. eee 52 a4 5.5 55 50 15.7 27.0 45. 6 92.5 53.91 
Natural corn, holds1)\253 and bes -4-—- ore 41 20. 2 24.3 65.3 95.7 53.00 


TABLE 29.—Condition of the corn in cargo No. 6, natural corn, as loaded, and the change 
incondition while the corn was in the vessel—samples taken in order in the holds from 
top to bottom. 


Tempera- | Moisture agate Germina- Sound Weight per 
ee content. Acidity. tion. kernels. Paseo 
Hold, kind of corn, and 3 3 3 3 3 3 
‘Sample No. scipme eae |nike ps FI 
Semen as Wee ass Ca} ets | 3 
n z 2 
Say ener ige | nk Soe arel ities GS ligt. al ears = cI 
n n n n n n n n 
< < < <q < < < <4 < < < < 
Bold i, natural corn: DIRS WS TAR PEGS WESC Ose | ONG: |\er ct. P.ct.| P.ct.| P.ct.| Lbs. | Lbs. 
Be A 
7.9 5.6 
eels e essere soa bel FAS © spohan te (Se See eee 
SSRIS ER eee ea BOM saeeee BESCSE att Uy lee meee 
Fern ued eSaeee Ae ol |Sers aes 8 “Cee Bet (Pe eee 
4.8 3. 7 
a) Bi pes 0, 000) Rees 
8.7 ma) 
98 | 20, 20. 22 42.2 68 18 | 97. 42.6 | 53.00 | 49.50 
140 | 20 ie 24 59.5 62 0} 94. 1.5 } 52.00 | 45. 50 
IRE BE Sas ha 35 2 ee AS: OMe aie ake OLee ee SEO Ieee eens 
130 | 20.3 | 18.6 | 23.4 | 56.2 61 0] 95.7] 8.3} 53.00 | 50.50 
51 | 20.1 | 19.7 | 23.3 | 35.0 78 28 | 95.6} 50.8 | 53.00 | 50.00 
44 | 20.1 | 19.4 | 24.0] 22.8 82 55 | 98.0} 76.1 | 53.00 | 51.00 
80 | 15 5.| 16.0 | 24.4 | 29.7 48 29 | 94.4 | 65.7 | 54.75 | 52.50 
54 | 16.0 | 15.4 | 31.0 | 32.7 47 46 | 88.4] 85.7 | 54.50 | 53.50 
64a los Sul ay ee soe 30. 5 44 29 | 86.1 | 63.9 | 54.00 | 53.50 
SOMMER. Sas tae | ese 26:\Gnf=o-- cs Wclenaeee 320) eta. 5 | Bee 
53 | 16.0 | 14.4 | 26.8 | 27.6 58 52 | 94.9 | 95.6 | 54.25 | 53.50 
56 | 16.3 | 16.2 | 23.2 | 27.3 56 42 | 96.5 | 75.7) 54.50 | 53.50 
50 | 16.0} 15.3 | 27.6 | 29.8 55 35 | 92.7 | 75.3 | 54.25 | 52.50 
55 | 16.2 | 15.6 | 23.6 | 26.4 61 50 | 95.4 | 90.6 | 54.75 | 53.50 
66 | 15.7 | 14.6 | 25.9 | 25.5 36 33 | 94.9 | 91.8 | 58.50} 52.50 
51 | 16.3 | 15.0 | 29.3 | 25.6 58 52 | 87.1} 89.3 | 54.00 | 52.50 
ei Seal Se eee ee See Eee | 28) Wee = oe Ce ees] pees 
ie | LLG OP SE. 26.2 | 28.7 44 21 | 95.1 | 76.3 | 53.00 | 52.00 
50 | 14.7 | 15.0 | 29.6 | 30.1 24 32 | 92.7 | 87.3 | 53.25 | 52.00 
55 | 15.0 |'15.2 /27.6 | 27.0 29 35 | 91.9 | 88.8 | 53.25 | 52.00 
61 | 15.3 | 15.4 | 26.9 | 29.9 36 28 | 92.7 | 91.0} 53.25 | 52.00 
OLE 15524) 9. Et 29.4 | 29.2 32 18 | 92.3 | 79.8 | 53.50 | 52.00 
65 | 20.5 | 20.4 | 28.6} 43.8 66 12 | 97.1 | 58.4 | 52.50 | 49.00 
55 | 19.6 | 19.0 | 26.9 | 25.8 57 55 | 94.8 | 91.0 | 53.50 | 52.00 
55 | 20.7 | 20.0 | 22.0] 28.3 60 35 | 95.1 | 81.0 | 53.50 | 51.00 
120) cease AAO 221 AQ Ode oc TOR eee BOTS) |S aeesce 47. 50 
50 | 20.2 | 18.8 | 25.6} 37.1 56 33 | 94.0] 77.0 | 52.75 | 51.25 
47 | 20.5 | 19.7 | 25.3 | 30.7 61 31 | 95.9 | 65.3 | 53.25 | 50.50 
70 | 20.1 | 19.8 | 27.8 | 54.9 2 15 | 96.1 | 45.4 | 52.50 | 49.25 
54 | 20.1 | 19.6 | 24.1 | 27.3 58 66 | 96.1 | 97.3 | 53.25 | 51.00 
44 | 20.9 | 19.6 | 23.0] 25.6 63 35 | 96.8 | 55.7 | 52.75 | 52.25 
47 | 20.3 | 18.8 | 22.4 | 22.9 73 65 | 93.9 | 87.9 | 53.50 | 51. 50 
44 | 19.9} 18.9 | 25.2] 48.7 69 5 | 96.0} 45.8 | 52.00 } 51.25 
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From this it is seen that although the tests for acidity, germination, 


SUMATURAL.CORN © |. 


HOT CORN [_._.- COOL CORN 


_ DRIED ‘CORN | i 
Fig. 38.—Diagram showing arrangement of the steamship and stowage of the corn in holds. 


SHAFT) ‘TUNNEL 


(Cargo 


The heavy shading represents heat-damaged corn as discharged. 


No. 6.) 


and sound kernels showed the dried 
corn to be poor in quality, its mois- 
ture content was lower by 4.5 per cent 
than natural corn. 


TEMPERATURE CHANGES DURING THE VOYAGE 
AND CONDITION OF THE CORN AS DISCHARGED. 


During the voyage the temperature 
of the corn in various positions of stow- 
age was recorded each day that the 
weather permitted. Some of the ther- 
mometers were read before the vessel 
sailed, and some were read for some 
days after the steamship arrived at its 
port in Europe. The location of the 
various thermometers and the changes 
in temperature at those positions are 
shown in figures 39 to 46, inclusive. 
The maximum temperatures found in 
the corn as discharged were 53° F. in 
hold 1, 140° F. in hold 2, 140° Fim 
hold 3, 85° F. in hold 4, and 120° F. 
inhold 5. These were higher than the 
maximum temperatures of the corn as 
loaded by 8° F., 91° F., 100° :; 297s 
and 76° F., in holds 1 to 5, respectively. 
Hold 3, however, was the only one con- 
taining any large amount of heat-dam- 
aged corn. 

In hold 1 the temperature of the corn 
in various positions of stowage changed 
but little during the voyage, except 
along the sides of the holds, as shown 
by the temperature records in figure 39. 
As is shown in Table 29, each sample 
that was placed in a wire container as 
the cargo was loaded tested lower in 
quality at the end of the voyage than 
at the beginning of the voyage in every 
factor except moisture content. Only 
one sample, No. 1, tested under 30 
c.c.inacidity. Thissample was taken 
from the bagged corn a short distance 


under the surface and tested 26.3 c.c.in acidity, 55 per cent in germi- 
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nation, 85.8 per cent in sound kernels, and 50.5 pounds in test 
weight per bushel. Sample No. 7, taken from near the bottom of the 
hold tested 41.4 ¢. c. in acidity, 19 per cent in germination, 62.5 per 
cent in sound kernels and 49.5 pounds in test weight per bushel. The 
corn at the surface and along the sides of the hold for a short dis- 
tance down from the top was somewhat sour, moldy, and packed. 
In hold 2 some of the corn became badly heat damaged. This 
damaged corn was 
found in uneven 
spots on the star- 
board side near the 
after part of the hold 
and extended from 
the surface to nearly 
halfway down in the 
hold. There was also 
a small portion that 
was damaged along 
the forward bulk- 
head halfway down 
in the hold. The 
temperature of the 
corn as discharged 
from thisholdranged 
from 45° to 140° F. 
Sample No. 8, taken 
from the heat-dam- 
aged corn just under 
the top deck on the 
starboard side, had 
a temperature of 
140° F., and tested 
65.2 c. c. in acidity 


and 6 per cent in ger- 


mination while sam- Fia. 39.—Hold 1: Temperature records of electrical resistance ther- 
1 N , Fi mometers; location of the thermometers in the hold; and samples 
ples iNOS. 9 an 10, secured at Rotterdam. Heavy shading represents heat-damaged 


taken from near the = °™-_ Cargo No. 6.) 

same height in the hold but near the shifting boards in the center, had 
temperatures of 50° and 57° F. and tested 33.7 and 47.9 c. ¢. in acidity 
and 46 and 16 per cent in germination, respectively. Sample No. 13, 
taken from the heat-damaged corn, 15 feet below the surface, had 
a temperature of 130° F., tested 57.4 c. c. in acidity, and no kernels 
sprouted in a germination test. Sample No. 11, taken from near 
the outside wall of the hold on the starboard side, had a temperature 
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of 100° F., tested 48.7 ¢. c. in acidity, and none of it would germinate. 
Sample No. 14, taken from about the same height in the corn as 
sample No. 13, had a temperature of but 49° F., tested 24.8 ¢. ¢. in 
acidity, and germinated 50 per cent. Sample No. 16, taken from 
near the bottom on the starboard side had a temperature of 93° F., 
tested 38.7 c. c. in acidity, and germinated 22 per cent. The tem- 
perature record for this sample, in figure 40 shows that its temperature 
was 46° F.when loaded 
and that from March 
28 to April 7 there 
was but little change, 
but from then on the 
temperature increased 
until it reached 93° F. 
when discharged. As 
will be seen in Table 
29, only one sample, 
No. 14, tested under 
30 c. c. in acidity at 


28 ae the time of discharge. 

4 s x S S & 

2 & § Bou suk Hold 3 was one 

= > uj ray ~ . 

Se os : Bere deck higher than hold 

10 198 479 "$0 $37 188 ibs and had a ‘‘feeder”’ 
rounding one more 

574 202 I3 
12 Sens se2 270 18 ~=6 deck above’ that. 


. This hold was located 
a oes feds Pigeon oe BN ca? tas ie «=. JUSit forward ofmuhe 
boiler room. Fully 
three-fourths of the 
corn as discharged 
was badly heat-dam- 
aged, The tempera- 
ture of the corn in this 
hold at the time of 
Fig. 40.—Hold 2: Temperature records of electrical resistance ther- discharge ranged from 
mometers, location of the thermometers in the hold, and samples 44° to 140° We; which 
ie a ee Heavy shading represents heat-damaged was gre ater b y 7 de- 
grees than the min- 

imum and by 100 degrees than the maximum temperatures of the 
corn when loaded. Thermometer No. 18, which was located in 
the ‘‘feeder” about 4 feet below the surface of the corn, registered an 
increase in temperature from the very beginning of the voyage. The 
maximum temperature recorded during the voyage was 144° F.,on April 
15, after which there was aslight decrease. The corn surrrounding this 
thermometer had a temperature of over 120° F. for 10 days before 
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it was discharged. It will be noted that the temperature increased 
from 40° to 100° F. during the first 10 days of the ocean voyage. 
Thermometer 17, which was also located in the ‘‘feeder,”’ at about 
the same height as thermometer 18, but next to the bulkhead separ- 
ating the corn from the ventilated coal bunker, indicated a much 
slower increase in temperature. On April 8, 11 days after sailing, 
thermometer 18 in- Oe eee eee Rak aN 
dicated a temperature 

of 120° F.; on April 15 
the temperature had 120 
increased to 144° F. $"° 
Thermometer 19, lo- $ 
cated in the port side ‘ 
a little over half- & 
way down from the 
surface of the corn, 
indicated an increase 
of 30° F. during 


the first 10 days and 7 2 pariy oie! *"° rae 

63° F. during the last : wy N : : . g y 

11 days of the voyage, 3% bP Ge § aor peg 
ee a 5 8 83 

a total of 93° F. for * KR 50 562 186 20 
9 486 158---- 


the whole voyage. 
Temperature records 
for thermometers 21 
and 22, located a few 
feet from the bottom 
of the hold, show that 
there was but little 
change in tempera- 
ture in these places of 
stowage. Samples 


Nos. 18, 20, and 22, 


: Fig. 41.—Hold 3: Temperature records of electrical resistance thermom- 

7 ve 
which were attached eters, location of the thermometers in the hold, and samples secured 
to thermometers of at Rotterdam. Heavy shadingrepresentsheat-damagedcorn. (Cargo 


the same numbers, “°*°*? 
had temperatures of 140°, 130,° and 44° F., when discharged, and 
tested 59.5, 56.2, and 22.8 c. c. in acidity. Samples Nos. 18 and 
20 had lost all vitality, but sample No. 22 germinated 55 per cent. 
Only one sample in this hold at the time of discharge tested under 
33 c. ¢. in acidity. 
Hold 4 was one deck higher than holds 1 and 5. It was located 
just aft of the engine room and had a shaft tunnel in the bottom 
95190°—19—Bull. 7645 


228 124 22 
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which continued through hold 5. The dried corn in this hold changed 
very little in temperature during the voyage, as is shown in Table 29 


& 
€ ea & 3s 
2 m as w @ 
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rs ‘aie oe 
3 Rees 
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23 160 == See SOSEuIAGs 25 
2enntna -}-----g6 266 — 26 
27 144 _° .ge-=}----50 298 153 29 
28 162 oassBaaeesy GEC TEG 5% 
S2 160 255 146 31 
Sere al Da Zee ism Sn 
36 152 neo .-5) 292 — 38 


Fic. 42.—Hold 4: Temperature records of electrical resistance ther- 
mometers, location of the thermometers inthe hold, and samples 
secured at Rotterdam. Teavy shading represents heat-damaged 
corn. (Cargo No. 6.) 
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and figure 42, The 
temperature record for 
thermometer 23 shows 
that the corn at the 
surface near the en- 
gine room bulkhead 
increased 27° F. and 
had a temperature of 
80° F. at the end of 
the voyage, while the 
temperature of the 
corn at the same 
height in the after part 
of the hold was the 
same when discharged 
as when loaded, as 
shown by the tempera- 
ture record for ther- 
mometer24. The corn 
stowed next to the 
engine-room bulkhead 
about 6 feet from the 
bottom, increased 8 
degrees, and the corn 
stowed at the same 
height in the after 
part of the hold im- 
creased 7 degrees, as 
is shown by the rec- 
ords for thermome- 
ters 35 and 37. -The 


effect of the engine heat on the corn is shown in Table 30. 


TaBLe 30.—Effect of the engine-room heat on the corn located next to the engine-room 
bulkhead in hold 4, cargo No. 6. 


Increase | Increase | Decrease | Decrease 
Sample No. in tem- in 
perature.| acidity. | nation. | kernels. bushel 


Decrease 
in weight 


in germi-| in sound per 


7 Rees SS ee eee I SAO eee massa oHe 27 


100 


Per cent.| Per cent. | Pounds. 
19 28. 7 2.25 
1 27. 1.00 


1 Sample was located at surface against engine-room bulkhead. 


2 Sample was located same height as No. 23, but some distance from the engine-room bulkhead. 
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TABLE 31.—H fect of the shaft tunnel heat on the corn stowed next to the shaft tunnel in 
hold 4, cargo No. 6. 


Increase | Increase | Decrease | Decrease pee 
Sample No. in tem- in in germi-| in sound | 2“ ee 
perature.| acidity. | nation. | kernels. pushele 
Sipe CCE Per cent.| Per cent.| Pounds. 
Poor SSSP ease eye st siesepryya ste Joe. 3). 27 2.5 23 18.8 1. 00 
SHANG See. eee siete. OS 90 Dae ne ee | 5 1 3 8.9 1.37 


1 Sample was located on the shaft tunnel. 

* A verage for these two samples. 

2 Sample was located same height as No. 34, but halfway between shaft tunnel and the sides of the hold. 

The effect on the corn of the heat from the engine room which 
penetrated through the shaft tunnel in the bottom of the hold is 
shown in Table 31. 
The corn located di- 
rectly on the shaft 
tunnel increased 27° 
F. during the voyage, 
while the corn located 
the same height as the 
tunnel, but halfway 
between the tunnel 
and the sides of the 
hold, increased 7 de- 
grees on the port side 
and 8 degrees on the 
starboard side, as is 
shown in figure 43. 
There was no heat- 
discolored corn in the 
hold at the end of the 
voyage, but the corn 
at the surface along 


the upper part of the 
engine-room bulkhead F'8- 43.—Hold 4: Showing effect of the heat from the propeller-shaft 
tunnel on the corn located against the tunnel. (Cargo No. 6.) 
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and along the top of 
the shaft tunnel was musty, somewhat moldy, and “packed.” The 
corn in the hold ranged from 50° to 85° F. in temperature and 25.5 
to 32.7 c. c. in acidity (4 samples tested slightly over 30 ¢. ¢. and 
12 samples tested under 30 «. ¢. in acidity), from 7 to 52 per cent in 
germination, and from 57.9 to 95.6 per cent in sound kernels. 

The corn in hold 5 as discharged varied from 44° to 120° F. in 
temperature, from 22.9 to 54.9 ¢. c. in acidity, and from 5 to 66 per 
cent in germination. A small amount of the corn a few feet under 
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the surface in the after part of the hold was heat-damaged. Sample 
No. 42 taken from the heat-damaged corn had a temperature of 
120° F. and tested 49 c. c. in acidity. The corn located along 
the upper part of the shaft tunnel was sour, moldy, and ‘‘ packed.” 
The corn near the tun- 
nel increased more in 
temperature than the 
corn stowed the same 
height in the hold but 
located half-way be- 
tween the tunnel and 
the sides of the hold, as 
isshown by comparing 
the records for ther- 
mometers 45, 46, and 
48, andfigure45. The 


MARCH 


APRIL. 
2829 3H 12.345 678 93 WH 2 8% IS 16 17 18 


gy 9 « corn located directly 

oe Se oe a : 

e 8 § : onthe tunnel increased 

LUA © more in temperature 
4 . . 

‘cake td and acidity and de- 

43 188 s* 


creased more in ger- 
mination, sound ker- 
ss nels, and weight per 
bushel than the corn 
which was located 
some distance from 
the tunnel, also the 
natural corn in this 
hold, located on the 
shaft tunnel, under- 


went more deteriora- 

Fic. 44.—Hold 5: Temperature records of electrical resistance ther- : 2 
mometers, location of the thermometers in the hold, and samples tion than the dried 
secured at Rotterdam. Heavy shading represents heat-damaged GOTN located on the 


ea eet ly EY shaft tunnel in hold 4. 
The correlation of temperature changes and changes in the condi- 
tion of the corn is illustrated in figure 46. 
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CARGO No. 7. 


Cargo No. 7 consisted of 171,428 bushels of natural corn. The 
corn was loaded March 23 to 27, 1911; the steamship sailed March 
31 and arrived at Belfast, Ireland, April 21, where the corn was dis- 
charged from April 22 to May 9. The length of the ocean voyage 
was 21 days; the maximum time that any of the corn was in the vessel 
was 47 days, and the average time was 39 days, 
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STOWAGE OF THE CORN. 


The steamship had six cargo holds. The corn was stowed in four 
holds, holds 2, 3, 5, and 6. Only hold 2 was entirely filled with corn, 
although the corn in Pppas A 
hold 3 was loaded to 
the same height, but 
thisholdhadonemore 
deck?) Hold=5 ‘was =,''" 
about two-thirds fill- . 
R 
8 
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ed, and hold 6 was a 
little over half filled 
with corn. The ves- 
sel had two shaft tun- 
nels along the bottom 
moe holds. 5) “and=.6: 
Both of these shaft 
tunnels were venti- 
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cargo was natural 
corn. The condition 
of the corn as loaded 
is shown in Tables 32 
and 33. Theaverages for the various factors of the corn as loaded 
were as follows: Moisture content 18.4 per cent, acidity 23.8 c¢. ¢., 
germination 60.2 per cent, sound kernels 95.2 per cent, and test weight 
per bushel 53.5 pounds. The average temperature of the corn as 
loaded was 62° F. 


Fia. 45.—Hold 5: Showing effect of the heat from the propeller-shaft 
tunnel on the corn located against the tunnel. (Cargo No. 6.) 


TABLE 32.—Range in the principal factors showing quality and condition of the corn in 
cargo No. 7, as loaded and as discharged, by holds. 


F a Weight 
Tempera- | Moisture aa Germi- Sound z 
Hold. ture. content, | Acidity. nation. kernels. Der 
bushel. 
Hold 2: ae Per cent. che Pre cent. Per cent. | Pounds. 
PAS LORGEORL Ss. ceca aeas see 61.0- 67.0 16.4-18.4 | 26.1-29.9 | 46.0-64.0 | 90.2-96.1 52. 8-54.5 
= an discharged sc. .<.--fonae+ 68.0-146.0 | 14.0-18.9 | 28.0-43.2 0-60. 0 0-88.7 | 47.0-53.5 
old 3: 
Psiloaded....1.2.-. 2 cage 56.0- 66.0} 17.8-18.9 | 19.9-26.2] 50.0-73.0|} 90.1-98.1]} 51.5-54.0 
i= oe discharged: : ..2 3222 oe2 65.0-141.0 | 16.2-20.1 | 27.6-47.7 0-65. 0 0-91.8 | 47.0-53.8 
old 5: 
PASioadedincepaetac.: oo5eene 61.0- 65.0} 18.5-19.0 | 22.1-25.9]} 42.0-73.0] 98.9-97.7 | 53.5-54.5 
= an discharged S49-...-2.-...< 69. 0-147.0 | 16.8-35.8 | 27.7-70.0 0-71.0 0-84.0 | 43.0-52.8 
old 6: 
PA'S londedhe. 1 S58. 2308 45 2) 57.0- 64.0} 18.5-19.1 |} 20.7-24.2| 56.0-68.0 | 93.9-97.7 | 53.3-54.0 
As discharged.............. 68. 0-122. 0 17. 1-19.1 27. 5-43. 4 0-61.0 0-84.8 | 48.0-53.8 
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TaBLE 33.—Condition of the corn in cargo No. 7, natural corn, as loaded, and the change 
in condition while the corn was in the vessel—samples taken in order in the holds from 
top to bottom. 


[T 1, etc., represent samples in crossed-wire containers.] 


Temperature. ee seid Acidity. Germination. | Sound kernels. Welahtns 
bam dn ea eS a LS oo ' 1 = ' 1 : 
Le} zie} Lo} ag 
Sj | Sh ed Sf 
72 nd a? ns 
4 43) [< <9 
PaCto | pieach Lbs Lbs 
95. 4 0 | 53.25 47.00 
95.5 1.0 | 54.00 50. 50 
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TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION CF THE CORN AS 
DISCHARGED. 


Durmg the voyage the temperature of the corn in the various 
positions of stowage was recorded each day that the weather per- 
mitted. The location of the various thermometers and the changes 
in temperature at those positions are shown in figures 48 to 53, 
inclusive. The max- 
imum temperatures 
found in the corn as 
discharged were 146° 
F.in hold 2,141° F. 
in hold 3, 147° F. in 
‘hold 5, and 122° F. 
in hold 6. These 
were higher than 
the maximum tem- 
peratures at the 
time of loading by 
79° F., 75° F., 82° 
F., and 58° F., -re- 
spectively. During 
the time that the 
corn was in the ves- 
sel a large propor- 
tion of it became 
hot, discolored, 
moldy, and _ badly 
damaged. The corn 
changed the most in 
condition and_ be- 
came badly damag- 
ed in the upper part 
of the holds. The 
temperature and 
degree of deteriora- 
tion, in a general 
way,decreased from gg CONDITION OF THE CORN AS LOADED 
the surface of the RM CONOD/TION OF THE CORNAS DISCHARGED 
corn toward the bot- Fic. 46.—Correlation of the temperature and condition of the corn as 
tom of the holds. It loaded and as discharged. (Cargo No, 6.) 
will be seen in the accompanying charts that the temperature of the 
corn reached 100° F. in the following number of days after sailing. 
Three days in hold 2, 44 days in hold 3, 8 days in hold 5, 16 days 
in hold 6. As has already been stated, the average length of time 
that the corn remained in the vessel was 39 days. 
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Hold 2 was entirely filled with corn, the upper part of which be- 


(P35 = HOT CORN [___)=COOL CORN 


NATURAL CORN 


| NATURAL CORN 


remained practically 


The heavy shading represents heat-damaged corn as discharged. 


Fic. 47.—Diagram showing arrangement of the steamship and stowage of the corn in holds. 


(Cargo No. 7.) 


came badly heat damaged while it was 
in the vessel. The corn in this hold as 
discharged ranged from 68 to 146 degrees 
in temperature, 14 to 18.9 per cent in 
moisture, 28 to 43 c. c. in acidity, 0 to 60 
per cent in germination, 0 to 88.7 per 
cent in sound kernels, and 47 to 53.5 
pounds in test weight per bushel. Asis 
shown in Table 33, sample 1, taken from 
near the surface, had a temperature 
when discharged of 146° F., tested 42.8 
c. c. in acidity, had no sound kernels, 
and none of the corn would germinate. 
As will be seen by the temperature rec- 
ord for thermomter 1, in figure 48, this 
thermometer was located near the sur- 
face. The corn in this position of stow- 
age increased in temperature very rapidly 
from the time it was loaded, on March 
27, until it was over 140° F., on April 
12, after which the increase became more 
gradual. The corn surrounding this 
thermometer was very badly damaged 
on arrival in Europe. Sample 2, which 
was taken from the corn about one- 
third of the distance down in the hold, 
had a temperature of 126° F., tested 
38.2 c. c. in acidity, germimated 1 per 
cent, and had 1 per cent of sound ker- 
nels. The temperature of the corn sur- 
rounding sample 2 gradually increased 
from the time that the corn was loaded 
until it was discharged, as is shown by 
the temperature record for thermometer 
2. Sample 4, taken two-thirds of the 
distance down in the corn, and sample 
7, taken from the bottom of the hold, 
had temperatures of 69° and 68° F., and 
tested 32 and 32.6 c. c. in acidity, 42 and 
60 per cent in germination, and 88.7 
and 84.5 per cent in sound kernels. 
The temperature of the corn two- 
thirds of the distance down in the hold 


stationary during the voyage, as will be 
seen by the records for thermometer 4, while the temperature of 
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the corn at the bottom fluctuated somewhat, being influenced to 
some extent by the temperature of the sea water. 

Hold 3 was filled with corn to the second deck. The corn as dis- 
charged was badly heat damaged in the upper part of the hold and 
ranged from 65° to 141° F. in temperature, 27.6 to 47.7 c. c. in acid- 
ity, 0 to 65 per cent in germination, 0 to 91.8 per cent in sound 
kernels, and 47 to 53.8 in test weight per bushel. The corn in this 
hold at time of load- 
ing had a tempera- 
ture ranging from 56° 
to 66° F., which tem- 
perature increased 
very rapidly at the 
surface during the 
early part of the voy- 
age and was over 120° 
F. in a week after the 
vessel sailed; it con- 


| 


s 
Q : s 
tinued to increase : 8 ° : : 
until it reached 141° : : § 8 ; 
F. by the time the. ee SS ed 
corn was discharged. eee erst 
This is shown in the “* ig Bee 128 8 
39 69 S20 !172 %&% 


temperature record 
for thermometer 8, 
figure 49. Aswillbe “™ 
seen in Table 33, 
sample No. 8, which 

was taken from near 

the surface of the 
corn, tested 43.6 ¢. ¢. 

in acidity and none 

of the kernels would 
germinate. The corn 

at this position Was Fria. 48.—Hold 2: Temperature records of electrical resistance ther- 
very moldy, sour, and mometers, location of the thermometers in the hold, and samples 
ba dly heat d amage d. secured at Belfast. Heavy shading represents heat-damaged corn, 

(Cargo No. 7.) 

There was not much 

change in the temperature of the corn located one-third of the dis- 
tance down in the hold in the first 10 or 12 days of the voyage, but 
from that time on it increased more rapidly until on April 24 it was 
118° F., asisshown by the record for thermometer 10. The corn sur- 
rounding this thermometer, as discharged, tested 34 c. c¢. in acidity 
and 34 per cent in germination. The temperature of the corn located 
two-thirds of the distance down in the hold increased only 9° F. 
during the time it was in the vessel, as is shown by the tempera- 
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ture record for thermometer 11. Sample No. 11, taken from the corn 
surrounding thermometer 11, had a temperature of 73° F. and tested 
31.7 c. c. in acidity, 65 per cent in germination, and 91.8 per cent in 
sound kernels. The temperature of the corn in the bottom of the hold 
varied somewhat with the sea-water temperature, as illustrated by the 
record for thermometer 19. Sample No. 19, taken from the corn at 
the bottom of the hold, had a temperature when discharged of 69° F., 

tested 30.8 ¢. ¢. in 


269013 79 0 “G15 17 19 21 23 28 27 acidity, 59 per cent 
de Coe in germination, and 
eq tL H ' H 88.7 per cent in sound 
ORB RET CCC ae Cooe kernels. 
S sol-| LIA | itd EE Hold 5 was two- 
§ TT] PCcCeerT EEE eect href] thirds filled with 
B coke Bee | corn, the top part of 
Pasi i OSSRREENA | rrr nn which became badly 
80 eae heat damaged during 
ran : Se ¢ the voyage. The 
4 ee : : » # y corn in this hold, as 
: 3 § : out 8 5 ; discharged, ranged 
9 175 417 120- 1st on mo 8 from 69° to 147° F, 


in temperature, 27.7 


[ -118 4IL7F 20) 45 . * 4° 

asl 1138 340 162 10 ©§©6 to. 70 c. c. In acidity, 
; 2 --|- 78 296 1719 47 ° 

Pema att met fa eee oi eo ee “~ “_ Orto 71. per! centain 

Ue US ee i ae sabe gt pearl ue: GIT fe Op : : 

IS 127 GSB ‘69)-—-——-_-=- = a hiseecee A 72 2e2 127.15 germination, 0 to 84 

1% 186 276 704 -— —- === = —-=4-—-—— ; 65 SIO 183 16 . 

@ ese Se 2 -t3 30s las 73 «per cent in sound 


kernels, and 43 to 
52.8 pounds in test 
weight per bushel. 
As will be seen by the 
temperature record 
Pitt iaves darn cars for thermometer 22 
in figure 12, the corn 
near the surface in- 
creased from 63° F. 


BO/LER SPACE 


Fic. 49.—Hold 3: Temperature records of electrical resistance ther- a 
mometers, location of the thermometers in the hold, and samples ON March 24 to 100 
secured at Belfast. Heavy shading represents heat-damaged corn. RY on April 8 and to 


Pacer 147° F. on April 21. 
As indicated in Table 33, sample No. 22, which represents the corn 
surrounding thermometer No. 22, contained no sound kernels or any 
kernels that would germinate, and tested 47.4 c. c. in acidity and 47.5 
pounds in weight per bushel. The corn located halfway down in the 
hold and at the bottom changed very little in temperature except near 
the outside walls and along the top of the shaft tunnel. Sample No. 24, 
taken from near the shifting boards halfway down in the corn, increased 
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from 64 to 77° F. in temperature and when discharged tested 34.7 
ec. c. in acidity, 67 per cent in germination, 76.1 per cent in sound 


kernels, and 51.75 pounds in weight per bushel. 


Sample No. 57, 


taken from near the side of the hold, a little over halfway down in 
the corn on the port side, had a temperature of 125° F. and tested 
51.8 c. ec. in acidity, 6 per cent in germination, and 5.5 per cent in 
sound kernels. The corn along the top of the shaft tunnel varied in 


temperature during 
the voyage, while the 
temperature of the 
corn thesame height in 
the hold located half- 
way from the tunnel 
and theside of the boat, 
remained nearly the 
same throughout the 
voyage, as is shown by 
comparing the temper- 
ature records for ther- 
mometers 25 and 26. 

Table 34 shows that 
the corn surrounding 
thermometer 25, which 
was located on theshaft 
tunnel, tested higher 
by 2 e.c. im acidity and 
lower by 67 per cent in 
germination than the 
corn surrounding ther- 
mometer 26, which was 
located at tunnel 
height but halfway be- 
tween the tunnel and 
the side of the hold. 
Four samples taken 
from hold 5 tested un- 
der 30 c. c. and nine 
samples tested over 30 
c. c. in acidity. 
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Fic. 50.—Hold 5: Temperature records of electrical resistance ther- 
mometers, location of the thermometers in the hold, and sam- 


ples secured at Belfast. 
corn. (Cargo No. 7.) 


Heavy shading represents heat-damaged 


TaBLe 34.—E fect of the shaft-tunnel heat on the corn stowed next to the shaft tunnel in 


hold 5. 
Sample + “ Temper- sas Germi- | Sound | Weight 
NG: Location of samples. ature, | *cidity. waishiitereignd  iesracr Se oor 
SE. Cac: Per cent. | Per cent.| Pounds. 
251) Onishaft tunnehescsuemassene os. soeeee == = 90 33. 3 | 66.9 51.0 
26 | Tunnel height halfway out.............--.- 7 aloo 70 66.9 52.0 
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\ TEMPERATURE °F 


Fic. 51.—Temperature records of electrical resistance thermometers, 
location of the thermometers in the hold,and samples secured at 


™ MO/STURE Yo 
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GER SSBF euwere va 


Hold 6 was a little 
more than half filled 
withcorn. Theupper 
part of the corn be- 
came badly heat 
damaged. The corn 
in this hold as dis- 
charged ranged from 
68°)! tor 12:2 °c cam 
temperature, 27.5 to 
43.4 ¢. c. in acidity, 
0 to 61 per cent in ger- 
mination, 0 to 84.8 
per cent in sound 
kernels, and 48 to 
53.8 pounds in test 
weight per bushel. 
The corn at the sur- 
face, where the heat 
could escape, had a 
temperature of 72° 
F. when discharged, 
as is shown by sam- 
ple No. 64 in fig- 
ure 51. The corn 
just under the sur- 
face gradually in- 


< ° 
Belfast. Heavy shading represents heat-damaged corn. (Cargo No.7.) cre ased f rom 63 to 


122° F. during the 
voyage, as is_ illus- 
trated by the tem- 
perature record for 
thermometer 29. 
As is shown in Ta- 
ble 33, sample No. 
29, which repre- 
sents the corn sur- 
rounding thermom- 
eter No. 29, tested 
43.4 ©. ¢. in acidity, 
and 49.5 pounds in 
weight per bushel, 
and contained no 
sound kernels or any 
kernels that would 
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ps TH 0 
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Fig. 52.—Hold 6, showing effect of the heat from the propeller-shaft 
tunnels on the corn located against the tunnels. (Cargo No. 7.) 
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germinate. The 
corn located about 
6 feet from the bot- 
tom and halfway 
between the shaft 
tunnel and the 
side of the hold in- 
creased 11° F. in 
temperature and 
tested 30.1 c. ¢. in 
acidity, 55 per cent 
in germination, 74.3 
per cent in sound 
kernels, and 51.5 
pounds in weight per 
bushel, as is shown 
by sample No. 32, 
while the corn be- 
tween the tunnels 
and near the bottom 
of the hold increased 
but 5° F. in temper- 
ature and tested 
28.4 ¢. c. in acidity, 
56 per cent in ger- 
mination, 82.9 per 
cent in sound ker- 
nels,’ ‘and >‘ 53:75 
pounds in weight 
per bushel, as is 
shown by sample 
No. 33. 


RANGE IN THE TEMPERATURE OF THE CORNAS DISCHARGED- 


CARGO No.7 
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TEMPERATURE OF THE CORN AS LOADED: AVERAGE 62 °F, RANGE S6r067 °F 


= CONDITION OF THE CORN AS LOADED 
GBM COND/T/ON OF THE CORNAS DISCHARGEO 


Fic. 53.—Correlation of the temperature and condition of the corn as 


loaded and as discharged. (Cargo No. 7.) 


TABLE 35.—E/fect of the shaft-tunnel heat on the corn stowed next to the shaft tunnel in 


hold 6. 
Sample : Temper- ‘ q ca lots Weight 
x Wecat fs Z per-| , ne termi Sound 

No. ocation of samples. ature. Acidity. nation. | kernels. peeral 
uae, CuCl Per cent. | Per cent.| Pounds. 
30 | On unprotected part of shaft tunnel...-. 87 30.8 23 69.8 51.2 
31 | On plank-protected part of shaft tunnel. -| 86 29.9 33 83.1 52.2 
20/and’31 |-Onishaft tunnel?!.2:2t -. 95-268 22-1 e sd. 86 30.3 28 71.4 5S ears 
32 | Tunnel height, halfway out.............. 75 30.1 55 74.3 51.5 


1A verage for samples Nos, 30 and 31. 
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_ .NETURAL CORN °° 


* NATURAL CORN °°: 


[—] =cooL corn 
Fic. 54.—Diagram showing the arrangement of the steamship and the stowage of the corn in holds. 


RERER = HOT CORN 


oS ee SHAFT TUNNEL Se ae 


BULK 
WATURAL CORN: 


The heavy shading represents heat-damaged corn as discharged. 


(Cargo No. 8.) 


As will be seen in figure 52 and Table 
35, the corn which was located on the 
unprotected part of the shaft tunnel 
was influenced more by the tunnel tem- 
perature and tested poorer when dis- 
charged than the corn which was located 
on the plank-protected part of the tun- 
nel. They also show that the corn in 
either of the two positions on the shaft 
tunnel varied considerably more in tem- 
perature and tested poorer than the corn 
located at tunnel height but halfway 
between the tunnel and the side of the 
hold. The temperature of the corn at 
tunnel height near the side of the hold 
varied with the sea temperature as is ilus- 
trated by the temperature record for ther- 
mometer 35. 

Three samples taken from hold 6 when 
the corn was being discharged tested under 
30 c. c. and eight samples tested over 30 
c. ¢. in acidity. 

The correlation of temperature changes 
and changes in the condition of the corn 


is illustrated in figure 53. 


CARGO No. 8. 


Cargo No. 8 consisted of 258,092 bushels 
of natural corn. The corn was loaded 
from February 27 to March 1, 1912. The 
steamship sailed March 1 and arrived at 
Rotterdam, Holland, on March 20, where 
the corn was discharged from March. 20 
to March 22. The length of the ocean 
voyage was 19 days; the maximum time 
that any of the corn was in the vessel 
was 23 days, and the average time was 21 
days. 


STOWAGE OF THE CORN. 


The steamship had five cargo holds. 
As is shown in figure 54, this shipment 
was a full cargo, each hold being entirely 
filled with corn, 
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CONDITION OF THE CORN AS LOADED. 


The corn in this cargo was natural corn, and its condition as loaded 
is shown in Tables 36 and 37. The averages for the various factors 
of the corn as loaded were as follows: Moisture content 20.1 per cent, 
acidity 17.6 ¢. ¢., germination 49 per cent, sound kernels 88 per cent, 
and test weight per bushel 52.7 pounds. The average temperature 
of the corn as loaded was 29° F. 


TABLE 36.—Range in the principal factors showing uplity and condition of the corn in 
? 


cargo No. 8, as loaded and as discharged, by holds. 
3 ; Weight 
Tempera- | Moisture sae Germina- Sound 
Hold. ture. content, | “cidity. tion. kernels. iehol 
Hold 1: ee Per cent. C..Cs Per cent. Percent. | Pounds. 
ASloaded® 294-8. oe... ie 25. 0- 32.0 19. 9-20. 3 17. 6-18. 5 45. 0-66. 0 85. 5-94. 1 |52. 5 -54.0 
= ae discharged: 5.22: -2 42-2 20n0— "46, 0) es <-hide- cee 17.8-21.2 | 24.0-53.0 |] 84.9-93.0 |51. 75-54. 0 
old 2: 
ASilpadeds.. e448). ss 2-2 27.0- 32.0 | 19.9-20.4 | 16.8-18.6 | 48.0-57.0 | 87.0-88.9 |52.0 -53.5 
“ ae discharged. §..94-...2-2 2950="52. O} iss =... ose 18. 0-28. 0 10. 4-40. 0 83. 6-91. 1 [51.2 -53.5 
old 3: 
Asitoadeds 2 4.4. fa Pe 26.0- 33.0} 19.8-20.5 | 17.6-20.2| 36.0-58.0| 86. 7-91.4 [51.5 -53.5 
“5 Se discharged! 4-25..-22 2-2 283,0=132:'0) |e <5 5b Se cto 18, 2-38. 2 0-39. 0 2. 0-91. 1 |46.5 -53.5 
old 4: 
Asloadeds 2305. 99.2 22545 * 26. 0- 32.0 19. 5-20. 3 15.6-19.2 | 30.0-69.0 | 85.5-94.1 [51.5 -53.5 
o. As discharged). 5..9-.--2 2-2 2950=145.(0) |Be ao -h ze.ce- - 16. 6-50. 4 0-45. 0 | 0-95. 4 46.0 -53. 25 
old 5: 
iAsiloaded. =: 3.8. 24..5.)-..- 24.0- 33.0] 19.5-20.6) 16.6-18.0| 37.0-65.0| 86.9-91.6 [52.5 -53. 2 
Asidischanged-t-2--. 5.2 +e 2()0=,84..0) |en 2.28 2 s25.- 18. 0-32. 0 4.0-52.0 | 58. 1-91. 0 |47. 0 -53.5 


TEMPERATURE CHANGES DURING THE VOYAGE AND CONDITION OF THE CORN AS 
DISCHARGED. 


The temperatures of the corn in the various positions of stowage 
were recorded during the voyage each day that the weather per- 
mitted. The location of the various thermometers and the changes 
in the temperature at those positions are shown in figures 55 to 62, 
inclusive. It will be noted that at the time of loading the average 
temperature of the corn was very low (30° F.) and that the moisture 
content was dangerously high (20.1 per cent). However, the acidity 
was very low (17.6 c. c.), showing that the corn had previously under- 
gone very little deterioration. At the time of discharge it was found 
that the corn in holds 3 and 4 was damaged along the boiler-room and 
engine-room bulkheads and there was also a slight amount of damage 
along the shaft tunnel in the bottom of holds 4 and 5. The maximum 
temperatures found in the corn as discharged were 46° F. in hold 1, 
52° F. in hold 2, 132° F. in hold 3, 145° F. in hold 4, and 84° F. in 
hold 5. These were higher than the maximum temperatures at the 
time of loading by 14° F. in hold 1, 20° F. in hold 2, 109° F. in hold 3, 
123° F. in hold 4, and 51° F. in hold 5. 

There were no facilities for making moisture tests of the samples 
secured at the port of discharge, and consequently the moisture tests 
at the time of loading only are given in this report. 
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TABLE 37.—Condition of the corn in cargo No. 8 as loaded and the change in condition 
while the corn was in the vessel—samples taken in order in the holds from top to 
bottom. 


[T 1, etc., represent samples in crossed-wire containers.| 
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The corn in holds 1 and 2 changed but little during the voyage and 
was discharged in Europe in good condition. 

In hold 3 that part of the corn that was located next to the boiler- 
room bulkhead in the after part of the hold was hot and badly dam- 
aged at the time of discharge. In the damaged corn, as is shown in 
Table 38, the greatest heat and the most severe damage was found 
along the upper part of this bulkhead. The corn located along the 
lower part of this bulk- 
head was not hot but 2ge9 1 2 3 4 5'6 78 910 N12 13 14 15 1617 18 19 20 21 22 
wasslightlysour. The 
corn located in the for- 
ward part of the hold 
was discharged in a ye 


eS 4 

soundeondition. The. geo 

temperature records § s | 
. 0 iS 

during the voyage for §,) | | | LAI | AI | 4A bee! 


the corn located next — «0 
to the upper, middle, 3 =—=—=—s=—1L 
and bottom portions 
of the boiler-room 


oo ne : S : s 
bulkhead,comparedto x : t 8 : : : 
the temperature rec- 3 § $ eae: 
ordsofthecornlocated * *” ** * 46 ie 
at the same heights eh meee 
but near the center of 178 53 5 
the hold: are shown in Si.657. sis ss. 
figure 57. As will be as an oe 


seenfrom the tempera- 


ture records in figure Tract, 


BAGS 


57, the temperature of 
the corn located 
against theupper, mid- 
dle, and bottom parts 
of the bulkhead was 
very noticeably affect- 


Fia. 55.—Hold 1: Temperature records of the electrical resistance 
ed by the heat from thermometers, locaticn of the thermometers in the hold, and sam- 


the boilers. Table 38 ples secured at Rotterdam. Heavy shading represents heat- 
. damaged corn. (Cargo No. 8.) 
shows that the corn lo- 


cated against the upper part of the boiler-room bulkhead, at the time of 

discharge, had a temperature of 132° F., as against a temperature of 

Sy haan be for the corn located the same stone in the hold but 15 feet 

distant from this bulkhead, and that the corn located against the 

bottom of the boiler-room Cane at the time of aecnnies. had a 

temperature of 53° F., as against a temperature of 39° F. for the corn 
95190°—19—Bull. 7646 
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at the bottom of the hold but located 30 feet distant from this bulk- 
head. This was a higher increase in temperature by 100°, 77°, and 
10° F., for the corn located against the upper, middle, and bottom 
parts of the boiler-room bulkhead, respectively, than the increase in 
temperature for the corn located at a corresponding depth in the hold 
but from 15 to 30 feet distant from this bulkhead, and clearly shows 
the effects of the boiler heat on corn having a high moisture con- 
tent when stowed in 
this position in the 
vessel. 130 

Hold4waslocated ™ 
just aft of the engine 
room. The pro- 
peller-shaft tunnel 
was located along 
the bottom of the 
hold, and this tunnel 
also extended along 
the bottom of hold 
5. The corn that 
was located next to 
the engine-room 


TEMPERATURE oF = 
ET. Si oe SiO 


S SAMPLE No. 
SAMPLE No. 


3 
bulkhead in the for- ee 
ward partof the hold 182 40 12 
became hot and ep eae 
badly damaged dur- 
ing the voyage. 180 26 15 


The corn located 
against the shaft 
tunnel in the bottom 
of the hold at the 
time of discharge 
was heating, moldy, 
and slightly discol- 
ored, but the re- " 

a Fic. 56.—Hold 2: Temperature records of electrical resistance ther- 
mainder of the corn mometers, location of the thermometers in the hold, and samples 
in the hold was dis- secured at Rotterdam. Heavy shading represents heat-damaged 


H corn. (Cargo No. 8.) 
charged in good con- 


dition. As is seen in figure 59, the damaged corn next to the engine- 
room bulkhead had the highest temperature at the upper part 
of the bulkhead and the temperature decreased toward the bot- 
tom of the hold, also toward the center of the hold. Thermometers 
29, 37, and 41, located next to the engine-room bulkhead near the 
surface, halfway down, and near the bottom of the hold, indicated 
a rapid increase in temperature from the first day that the corn was 
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in the hold. Thermometer 29, which was 
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Fia. 57.—Hold 3: Temperature records of electrical resistance ther- 
mometers, location of the thermometers in the hold, and samples 
secured at Rotterdam. Heavy shading represents heat-damaged 
corn. (Cargo No. 8.) 


located opposite the 
engine-room bul k- 
head, near thesurface 
of the corn, did not 
show as high a tem- 
perature during the 
voyage or at the time 
the corn was dis- 
charged as thermom- 
eter 37, which was lo- 
cated next to the en- 
gine-room bulkhead 
halfway down in the 
hold; this is account- 
ed for by the fact 
that thermometer 29 
was inadvertently 
placed several feet 
back from the bulk- 
head. However, 
sample No. 30, which 
was taken from the 
corn the same height 
in the hold as sample 
No. 29, but in con- 
tact with the upper 
part of the engine- 
room bulkhead, 
shows a temperature 
of 145° F. Table 39 
shows that the corn 
located next to the 


upper part of the engine-room bulkhead increased 113° F. in tempera- 


ture and 26.2 c.c. in 
acidity, and decreased 
7.5 pounds in test 


FEB. MA. 
28:29 123 4551 657_ 8910 


weight per bushel, 30 


RCH 
i i213 14 15 16 17 18 19 20 2i 22 


per cent in germina- 


tion, and 87.5 per cent 
in sound kernels. 


TEMPERATURE °F 


Thisis in contrast with 
an increase of only 
1° F. in temperature 
and 0.6 ¢. c. in acid- 
ity, and a decrease of No.8.) 


Fig. 58.—Temperature records of the thermometer located from the — 
surface to the bottom of the corn near thecenter of hold 3. (Cargo 


only 0.25 pound in test weight per bushel, 20 per cent in germina- 
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tion and 0.8 per cent in sound kernels for the corn located the same 

height in the hold but 
415 16 17 B19 20222 {2 feet distant from 
era the bulkhead. The 
corn located against 
the engine-room bulk- 
head halfway down in 
the hold increased 83° 
IF. in temperature, 
21.6 c. c. in acidity; 
and decreased 6.5 
pounds in test weight 
per bushel, 48 per 


FEB. MARCH 
e829 !|'2. 3 45 678 9 10 1) 12 


sates fee ¢ cent in germination, 
nee ae ae ae ea d 86.4 : 
Rest epee q ¢ and 86.4 per cent in 
seg q iS) = 
a a ae x 5 sound kernels. This 
a eae = —— : 0. 26 
Me 25 236 40--/-, sheet | ce 28 30 is in contrast with an 
3314 422 45-4—-~/ PROG OR : : 32 


35 Oo 320 138- 
CONDITION OF GORN IN. 
(A) FORWARD PART OF HOLD 
(B)AFTER PART OF HOLD 
36 3 402 115- 
44 5 S74 98- 


increase of only 1° 
sy i. in temperature, 0.8 
« ¢. Cc. In acidity, and a 

46 35 188 si- J 4 é 
SOS Ni SO See pos «s decrease of only 0.25 
Shee ae “2 pound in test weight 
per bushel, 22 per cent 
, z in germination, and 
; > STi agEESS 0.2 per cent in sound 
= selene ety r ike kernels for the corn 


> ‘Ther 26 a Timon fe at ae, QRWARD 


ees To gptg a es located the-same 


height in the hold 


; but 12 feet distant 

Fia. 59.—Hold 4: Temperature records of electrical resistance ther- 
mometers, locacion of the thermometers in the hold, and samples from the bulkhead. 
secured at Rotterdam. Heavy shading represents heat-damaged “he corn locate d 
corn. (Cargo No. 8.) Fi J 
against the lower part 


of the engine-room 
bulkhead was not 
heating, but the tests 
showed that it had 
undergone more de- 
terioration in every 
factor than the corn 
in the lower part of 
the hold but 12 feet = 

back from the bulk- | ‘ 


head. The effect of Fic. 60.—Temperature records of the corn located from the surface to 
the bottom of the corn near the center of hold 4. (Cargo No. 8.) 


FEB. MARCH 
28e9 1 2S5S45 678 9 101) 12135 1415 % 17 1819 202! 22 


TEMPERATURE 


the engine-room heat 
on the corn located next to the shaft tunnel is described 
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in the discussion of 
the condition of the 
corn in hold 5. 

The corn in hold 5 
underwent very little 
deterioration and was 
discharged in good 
condition, excepting 
that portion of the 
corn that was stowed 
next to the propeller- 
shaft tunnel, along the 
bottom part of the 
hold, which was in a 
sour, moldy, and heat- 
ing condition. As is 
shown in figure 62, the 
corn located directly 
on top of the shaft 
tunnel began to in- 
crease in temperature 
as soon as the ship got 
in motion at the be- 
ginning of the voyage, 
and the temperature 
increased in a regular 
manner during the re- 
mainder of the voy- 
age, while the temper- 


TEMPERATURE °F 


G SAMPLE No. 


sé 
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Fic. 61.—Hold 5: Temperature records of electrical resistance ther- 


mometers, location of the thermometers in the hold, and samples 
secured at Rotterdam. Heavy shading represents heat-damaged 
corn. 


FEB. (ARCH 
eercOnie2 tS ee SiG ave SE OmlO us 


12 13 14 15 16 17 18 19 20 2i 22 


(Cargo No. 8.) 


TEMPERATURE 


= oO x 
J é 
ere BMG RS 
wu x 
Ss: Wek Saar 
= ra $ $ 
5 8 < 8 
58 52 18 


Fia. 62.—Hold 5: Showing effect of the heat from the propeller-shaft 
tunnel on the corn located against the tunnel. (Cargo No. 8.) 
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ature of the corn 
stowed the same 
height in the hold, 
but halfway between 
the shaft tunnel and 
the sides of the 
hold, remained prac- 
tically stationary 
during the whole 
voyage. 

Table 40 shows 
that the corn located 
directly on top of 
the shaft tunnel 
increased 55° F. in 
temperature, 12.6 
G3. Il -BeLothy, 
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and decreased 4.5 pounds in test weight per bushel, 46 per cent in 
germination and 28.5 percent in sound kernels. This is in contrast 
with an average increase of only 2° F. in temperature and 1.5 ¢. c. 
in acidity, and a decrease of only 0.25 pound in test weight per bushel, 


_ CARGO No.8 
AGIOL Ea GiG. 


SS /7.6 
3°c0.8 
20.8 
33.5 
35.7 
38.5 


RANGE IN THE TEMPERATURE OFTHE CORNAS DISCHARGED — <F 
EMPERATURE OF THE CORNAS LOADED: AVERAGE 29 °F, RANGE 247035 


E=5 = COND/TION OF THE CORNAS LOADED 
HEEB =< CONDITION OF THE CORN AS D/SCHARGED 


F 1G. 63.—Correlation of the temperature and condition of the corn 
2 . 
as loaded and as discharged. (Cargo No. 8.) 


15 per cent in germination, and 0.8 per cent in sound kernels for the 
corn located the same height in the hold but 10 feet distant from the 
shaft tunnel. 

The correlation of the temperature changes and the changes in 
condition of the corn is illustrated in figure 63. 


90 


HOLDe2 


HOLDS 


HOLD 6 


HOLO 7 


BULLETIN 764, U. S. DEPARTMENT OF AGRICULTURE. 


DRIED CORN . > CORM— 


" DRIED GORN” |, 


- BULK.) ° 


OR/ED CORN 


HOT CORN [22 ]=COOL CORN 


Fic. 64.—Diagram showing the arrangement of the steamship and the stowage of the corn in holds, 


The heavy shading represents heat-damaged corn as discharged. 


(Cargo No. 9.) 


CARGO No. 9. 


Cargo No. 9 consisted of 268,682 bush- 
els of artificially dried corn. The corn 
was loaded April 11 to 15, 1912. The 
steamship sailed April 16 and arrived at 
Liverpool, England, on May 2, where the 
corn was discharged from May 3 to May 
10. The length of the ocean voyage was 
17 days. The maximum time any of the 
corn was in the vessel was 30 days, and 
the average time was 24 days. 


STOWAGE OF THE CORN. 


The steamship had seven cargo holds 
and, as is shown in figure 64, each hold 
was entirely filled with corn. Hold6 had 
20,000 bushels of wheat stowed in the 
lower part of the hold, the upper portion 
of the hold being filled with corn. Hold 
4 was located just forward of the boiler 
room and hold 5 was located just aft of 
the engine room. The propeller-shaft 
tunnel extended along the bottom of 
holds 5, 6, and 7. 


CONDITION OF THE CORN AS LOADED. 


All of the corn in this cargo had been 
artificially dried before loading. The 
condition of the corn as loaded is shown 
in Tables 41 and 42. The averages for 
the various factors of the corn as loaded 
were as follows: Moisture content 17 per 
cent, acidity 19.9 ¢. c., germination 37 
per cent, sound kernels 91 per cent, test 
weight per bushel 53 pounds. ‘The aver- 
age temperature of the corn as loaded 
was 51° F. It will be noted from the 
tables and charts that although the aver- 
age moisture content at the time of 
loading was relatively low, it still was 
not low enough to insure the carrying of 
the corn safely in all parts of the vessel. 
In this connection it will be recalled that 


this shipment was made during the spring months of April and May. 
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TABLE 41.—Range in the principal factors showing quality and condition of the corn in 


cargo No. 9, as loaded and as discharged, by holds. 


Tempera- | Moisture «a Germina- Sound 
Holds. ture. content. | ‘Acidity. tion. kernels. 

Hold 1: Jas Per cent. Cues Per cent. Per cent. 

PA SIOAC OG: o3< craic etches ciate cyera 43.0- 49.0 | 16.5-17.7 18. 6-21.4 | 30.0-34.0 |] 88. 6-92.5 

AISidischarged!...tss-cse< ASS On OWe Oi ereieterarerasimiei= 19.0-22.8 | 21.0-81.0 | 63.5-92.7 
Hold 2: 

ASiloadeds. +) -sthace te. 49.0- 50.0 | 16.6-17.5 | 17.2-23.2 | 16.0-47.0] 85.4-93.2 

As discharged: -22-ceceens B920—J00-Ob|ocneecics sates 18.0-20.6 | 14.0-49.0] 94. 6-92. 4 
Hold 3: 

PNGSROACGG as) 5<5 Se vet cas 47.0- 59.0 | 17.1-17.9 17.9-26.6 | 25.0-45.0 85. 9-94. 9 

AS discharged. -2- cece. 4650-1222 O4|eoeqeis- ie 19. 8-40. 0 0-38.0 | 40.0-93.7 
Hold 4: 

NS ilngye Gyo h Rae sees Soe 47.0- 62.0 | 16.0-17.4 | 17.0-22.4 | 16.0-45.0 | 89.1-94.7 

AS discharged! 3. 22..52228 54. 0-140. 0 |.--.-.....-- 19.4-35.8 0-45. 0 0-94. 0 
Hold 5: 

esionded pnd At ese 48.0- 59.0] 16.4-17.1 | 17.0-21.6 | 33.0-48.0] 89.3-94.3 

Asidischarged-poss.o2-h se. e 485 O—1NG OF | Baier ceinrainral= 17. 0-32. 8 0-44. 0 4. 3-93. 2 
Hold 6: 

NSS] ORG ed esse eee seaee 46.0-— 59.0 | 16.8-17.0 | 20.4-21.4 | 35.0-43.0 | 87.1-89.2 

AS discharced ss sa sees nose 22010030), |5 eecta else 20. 2-26.8 | 10.0-43.0 | 70.6-89.6 
Hold 7: 

A SIOAd edie nash Meh ocac 43.0- 55.0 | 16.9-17.7 | 17.4-21.2 | 24.0-43.0] 90.7-93.2 

PASI Gischareedeeceenn ae saee 4530=/GUE0)\|E =) <isrsiieiceo< 19. 6-26.0 | 29.0-45.0 90. 8-93. 6 
TEMPERATURE CHANGES APRIL 


DURING THE VOYAGE AND 
CONDITION OF THE CORN 
AS DISCHARGED. 

During the voyage, 
the corn in this cargo 
became badly fanecd 
next to the upper part 
of the bulkheads sepa- 
rating the corn from the 
boiler and engine rooms, 
also in the “feeder” at 
the upper parts of holds 
3 and 4, and, to a small 
extent, in the after part 
of hold 3 and along the 
shaft tunnel in the bot- 
tom of holds 5, 6, and 7. 
The balance of the corn 
in the cargo was deliy- 
ered in Europe in good 
condition. The maxi- 
mum temperatures 
found in the corn as dis- 
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Fia@. 65.—Hold 1: Temperature records of the electrical resistance 
thermometers, location of the thermometers in the hold, and 
Heavy shading represents heat- 


samples secured at Liverpool. 


damaged corn. 


(Cargo No. 9.) 


charged were 57° F. in hold 1, 61° F. in hold 2, 122° F. in hold a5 
140° F. in hold 4, 121° F. in hold 5 
hold 7. There were no facilities for making moisture tests for the 
samples secured at the port of discharge, and the moisture tests of the 
samples secured at the time of loading only are given for this cargo. 


, 56° F. in hold 6, and 61° F. in 
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TABLE 42.—Showing the condition of the dried corn in cargo No. 9 at the time of loading 
and the change in condition while the corn was in the vessel—samples taken in order in 
the holds from top to bottom. - 


[T 1, ete., represent samples in cross-wire containers.] 


Mois- idity part ¢ Weight per 
Temperature. | 47. Acidity. Germination. |Sound kernels. acy oP 
con- 
Sample No. |=. tent 
1a5_| As dis- load tong. | As dis- || A8_| Asdis- |)AS_| Asais-| As | As dis- 
aan charged.| €d- ak charged. AGE charged. eae charged.) loaded. | charged. 
Hold 1 ro a wat IPG || Cs (io, Ct: mele Choe) ct a enh Lbs. Lbs. 
ES ee 49 57 Mt \i2be4 22.8 34 21 | 88.6 63.5 53. 25 52. 00 
ee 46 55 17.5 | 18.6 19.0 31 23 | 92.5 92.7 53.00 53. 50 
Pe enya 2p 43 44 16.5 | 21.0 19.4 31 29 | 92.5 92.4 52. 50 52. 50 
ASS SA ee 44 46 16.5 | 20.2 20. 4 30 31 | 89.0 88.9 52. 50 52.00 
Hold 2 ; 
WINS totes ee 49 61 16.6 | 20.6 19.4 16 14 | 88.5 87.8 53. 25 53. 25 
MGR eee 50 53 1 Uy a i pe LE 20.6 40 49 | 85.4 84.6 52. 25 53. 00 
TG ayes 50 53 17.3 | 23.2 18.2 40 31 | 89.6 92.1 53. 00 53.75 
TWSieeaees 49 49 17 BY | ale 20. 2 47 40 | 93.2 92.4 52.75 52.75 
da ee 50 54 17.0 | 19.2 18.0 42 32) | 91.5 92.1 53.75 53. 00 
Hold 3 
10: 2.0 47 70 17.9 | 17.9 23.0 25 0 | 88.2 54.0 52. 50 51. 50 
WF Suey Sj elthsieets LOG!) Sa22 <== Ibedse 2854s see 1 ee a 61509). se=se se 50. 50 
4h Desc 59 61 17.5 | 22.2 22.0 44 22 | 86.8 86.6 52.75 52.25 
MT Gs he 55 59 17.6 | 26.6 24.2 32 21 | 85.9 83.9 51. 50 54. 25 
A a centers 54 48 17.7 | 19.0 19.8 45 21 | 92.2 92.2 54. 00 52. 50 
eel beer 50 47 17.5 | 20.2 21.0 45 34 | 94.5 91.7 53. 00 53. 00 
AY TG oss a 55 57 17.7 | 21.8 20.8 34 36 | 88.4 92.3 52. 50 §2..25 
i ia hee 50 50 17.1 | 21.8 31.0 38 38 | 92.1 69.1 52. 50 49.00 
WS seas eee ee 122) || oeeen eta te AQ: |S.e222 Soles eee 40: 0) | ee eeee 47.00 
a Seeman 50 46 | 17.2 19.6 21.8 33 28 | 94.9 93.7 53.00 53. 50 
Hold 4 
20 Sacer 48 135 17.0 | 19.0 33.6 34 0 | 89.1 15:7 53. 00 50. 25 
2 ae 47 139 17.0 | 19.0 28. 4 45 0 | 92.1 0 52. 25 49. 50 
Pes ee ee eS 8 102} teens aes eva aeees 7 emose 36:8 ge ce cee 49. 25 
U2 Rae as (ee 55 ogee 17.0 | 18.6 30). 2 41 2 | 92.0 44.9 53.00) |e eee 
7) ee eee IMO )25252 52 \saseee PH Yeh beeeoe Onescess Opisseeises se 48.75 
2 omen nee cee 625) 5 - Shee PA sh | lsan Gos OL oc sete OVP ate se 2 2s 53.75 
7 ee Ae ee cd IEP IN Ses leases BO Oa Eee eee (al eee (eases pene 48. 25 
cD see 55 54 17.3 | 20.0 20.8 38 26 | 94.7 94.0 52. 50 54, 25 
28S Be 53 60 16.2 | 18.2 22.8 28 15 | 94.2 94.0 53. 00 53.00 
M29 eae! 49 70 17.2 | 18.0 2256 45 18 | 93.1 93.7 52. 00 53.00 
HMSO) ae 56 69 17.4 | 22.4 22.2 16 10 | 90.7 90.5 53. 25 52.00 
Co) Gel epee a) Wee ee GU eee tee ee DANG. |e oec 7) le eee 84, Ae See 52. 50 
HS 2 io es 62 58 16.2 | 17.0 20.8 43 42 | 92.9 91.2 52.25 53. 25 
Ty 33. see 61 57 16.0 | 18.6 19.4 20 45 | 93.8 94.0 52. 50 52.75 
NB ee 57 62 16.5 | 20.6 21.2 43 36 | 93.7 92.7 52.00 52.75 
Hold 5 
OO eee eal Naseer 112 Uiyeal peAles) 31.0 48 4 | 90.6 46.7 54. 00 51.75 
DORs eee eae A DIS erenc a istactacece O2oN Pace AGig Sasa 56442222 ae 48. 25 
OT Sse tae (oA Bees ae aoe PA IGC Ua Reece er S445 eee 8952 oe. cree 51.75 
OS'S etee en Saletan LOOP Fa. cess snonee Pal Vial sce ON eeaeee Aa) |: eee §1°25 
N39). See 53 52)| 1658: | 17-0 18.6 36 41 | 92.3 93. 2 53.25 54. 00 
AVEO) eas 51 50} 16.5 | 18.8 17.0 46 38 | 90.2 88.5 54. 00 53. 00 
UAT ees 51 54 | 17.0} 19.4 22.0 33 35 | 93.8 90.9 53. 25 53. 50 
fe: Dee ee 59 95 16.9 | 20.6 22.2 39 28 | 89.3 88.6 53. 00 51.00 
43 hee 55 72 17.0 | 19.8 22.6 33 19 | 89.4 86.9 52. 50 51.25 
Ae ee 50 71 16.4 | 18.2 27.6 36 3 | 92.6 53.6 54. 00 50. 00 
yr ee 48 48 17.0 | 18.4 19.4 38 44 | 92.7 92.6 53. 50 54. 00 
AAG) SoS 51 75 16.5 | 19.0 21.6 35 28 | 94.3 91.0 53. 00 52. 50 
Hold 6 
Teta eee ae 59 56 16.9 | 21.4 26.8 35 10 | 87.1 70.6 52. 00 50. 50 
TN 48 51 56 16.8 | 20.4 21.0 38 40 | 88.8 88.9 53. 50 54. 25 
LT 4 OW Saar 46 52 17.0 | 21.0 20.2 43 43 | 89.2 89.6 54. 00 52. 50 
Hold 7 % 
By SOS se ee 55 60 16.9 | 18.2 19.6 36 45 | 93.2 91.7 54. 50 54. 25 
Le Gin ee ean 46 55 LTA | 212 26.0 24 29 | 90.7 90.8 53. 50 . 25 
Y MS eASe 43 45 17.6 | 18.8 21.2 30 37 | 92.5 93.6 54. 50 53.75 
OSes cee ciate 30) |e secdiesee TOM PL(EGs fee -a eae BY fe eater eis OV. Obl jorne pina GRBs Sea 8556 
G2 i ae 48 61 16.9 | 17.4 23.6 43 | PALA TAL? SUD eee 54. 00 53. 25 


1 This sample was principally dirt and broken corn, evidently a representative sample of only a few 
bushels. 


CARRYING QUALITIES OF 


The corn in holds 
1 and 2 showed prac- 
tically no change 
during the voyage 
and was discharged 
in sound condition. 
The temperature rec- 
ords for the thermom- 
eters located in the 
various positions in 
these holds are illus- 
trated in figures 65 
and 66. 

Hold 3 had one 
cargo hold between 
it and the boiler 
room, and, although 
the corn had been 
artificially dried be- 
fore loading and there 
was no opportunity 
for the heat from the 
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Fic. 66.—Hold 2: Temperature records of electrical resistance ther- 


mometers, location of the thermometers in the hold, and samples 


boiler to penetrate 
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Fic. 67.—Hold 3: Temperature records of electrical resistance ther- 
mometers, location of the thermometers in the hold, and samples 


secured at Liverpool. Heavy shading represents heat-damaged 


corn, 


(Cargo No. 9.) 


this hold, still some 
of the corn became 
hot and damaged dur- 
ing the voyage. It 
will be noted from 
Table 42 that some of 
the samples secured 
at the time of loading 
tested the highest in 
acidity (26.6 c. c.) of 
any samples in the 
cargo that were se- 
cured at that time, 
showing that at least 
some of the corn in 
this hold had under- 
gone considerable de- 
terioration before it 
was loaded into the 
hold and was in adan- 
gerous condition for 
export, with an aver- 
age moisture content 
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of over 17 per cent when shipped during April and May. The damaged 
corn was found in the after part of the hold near the shifting boards 
about halfway down in the hold, also in the feeder which extended. 
down one deck from the top of the corn under the hatchway. This 
is illustrated in figure 67. 

Hold 4 was located just forward of the boiler room. The corn 
located next to the boiler-room bulkhead became badly heat damaged 
during the voyage, the greatest heat and the most severe damage 

sean wa being found at the 

12 13 % 15 16 17 18 19 20 2! 22 23 24 25 26 27 282930! 23% 5 6 

surface of the corn. 

There were no ther- 
mometers located im- 
t 110 —| at | mediately against the 
ental boiler-room bulkhead, 

but thermometer 21, 
located even, with the 
top of the boiler room 
halfway back in the 
hold registered a rapid 
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TEMPERATURE 


* & : : 
# w « 3 , Increase In tempera- 
Ce ets Se he Spee 5 
Gt up ase s ¢ § 4 ture from the begin- 
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= c Q = 9 c oO 5 
Sensis Bil & bad “MDS of the voyage. 
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29 18 226 sbi Meee S see 222 10 30 : 
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=> ee 712 36 6 €6feeder in the forward 


part of the hold to the 
upper part of the 
boiler-room bulkhead, 
and, as soon as full 
steam was gotten up 
in the boilers at the 


beginning of the voy- 

Fic. 68.—Hold 4: Temperature records of electrical resistance ther- on x i 
mometers, location of the thermometers in the hold, and samples aoe) the heat Sone : 
secured at Liverpool. Heavy shading represents heat-damaged rated in. the boiler 


Co Ao aeeG uate room penetrated the 
bulkhead and was transmitted to the corn, where fermentation was 
started and accelerated until the temperature of the corn at this posi- 
tion of stowage had increased from slightly under 50° F. at the be- 
ginning of the voyage on April 16, to over 140° F. April 29, an increase 
of over 90° F. in temperature in 13 days, as is shown in figure 68. 
The condition of the corn in the various positions of stowage in the 
hold as loaded and as discharged is given in Table 42. 
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Hold 5 was located just aft of the engine room. The corn located 
next to the engine-room bulkhead became hot and badly damaged 
during the voyage. As is usual, the greatest heat and the most 
severe damage were found next to the upper part of the engine-room 
bulkhead and less heat and less damage the further the distance 
back from this bulkhead, and also toward the bottom of the hold. 
The corn in the remainder of the hold, except that located next to 
the propeller shaft tunnel, changed very little and was discharged 
in good condition. 
The corn located next 
to the engine-room x 
bulkhead, about 9 § 
feet under the sur- : 
face of the corn, at B 
the time of discharge 
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128 Ue ig 16 17 = ane Eee | (Lee oi 
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ey 
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had a temperature of Fe * eh Su 
a c £ s 

121° F., tested 32 c. ‘ ee eae 
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cent in germination, 49 38 #70 si ses 38 
39 4I 186 52- 276 ° 3s 


and 49.25 pounds in 
test weight per 
bushel, while the corn 
located the same | conanoy orcony m: 
heveht im the hold but er e7"" 
about 20 feet distant 
from the bulkhead, 52%F- 
had a temperature of 
only 52° F., tested 
18.6 c. c. in acidity, 
41 per cent in germi- 
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5 9 Fia. 69.—Hold 5: Temperature records of electrical resistance ther- 
nation, 93.2 per cent mometers, location of the thermometers in the hold, and samples 


in sound kernels and secured at Liverpool. Heavy shading represents heat-damaged 
corn. (Cargo No. 9.) 
54 pounds test weight 
per bushel. This is shown by the analysis records for samples Nos. 
36 and 39, in Table 42. It will be noted from this table that the 
corn which was in the center and after part of the hold was dis- 
charged in Europe in practically the same condition that it was in 
when it was loaded into the vessel. The location of the sound and 
damaged corn in this hold as discharged is illustrated in figure 69. 
The corn in holds 6 and 7, like that in holds 1 and 2, and in the 
middle of the after part of hold 5, was discharged in Europe in prac- 
tically the same condition that it was in at the time of loading into 
the vessel, except that a small amount of the corn located along the 
shaft tunnel in the bottom of the three after holds was somewhat 
musty and sour. The temperature records for the corn in the various 
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Fic. 70.—Hold 6: Temperature records of electrical resistance ther- 
mometers, location of the thermometers in the hold, and samples 
secured at Liverpool. Heavy shading represents heat-damaged 
corn. (Cargo No. 9.) 


tion in which it was 
stowed, the time of 
year in which it was 
shipped, or the length 
of the ocean voyage. 

(2) But the higher 
the percentage of 
moisture in the corn 
when shipped, the 
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positions of stowage 
in holds 6 and 7 are 
illustrated in figures 
70 and 71. 

The correlation of 
the temperature 
changes and the 
changes in the condi- 
tion of the corn is iL 
lustrated in figure 72. 


SUMMARY. 


The results of these 
investigations may be 
summarized in very 
few words: 

(1) If the corn was 
dry and in a sound 
condition when 
shipped, it arrived in 
Kurope in a like 
sound condition, re- 
gardless of the posi- 
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greater was the danger 
of spoilage during the 
voyage. 

(3) Various contrib- 
uting causes worked 
Ww ith the moisture 
in causing spoilage. 
A com Miatation of 
two or more contrib- 


Ther “53 


uting causes result- 13 
ed in much greater = ae 


spoilage than one 
contributing cause 
alone. 
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Fic. 71.—Hold 7: Temperature records of electrical resistance ther- 
mometers, location of the thermometers in the held, and samples 
Heavy shading represents heat-damaged 
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These conclusions may be verified by a study of Table 43, which 


is practically a sum- 
mary of the entire 
investigation. 

It may reasonably 
be expected, in other 
export shipments, if 
the quality and condi- 
tion of the corn and 
the shipping condi- 
tions are similar to 
those found in the 
nine cargoesdescribed, 
that the quality and 
condition of the corn 
on arrival at Euro- 
pean ports will be the 
same as in those car- 
goes. 

As the qualy, 
condition, and tem- 
perature of corn to 
be exported can be 
determined before it 
is delivered on board 
the vessel, and as 
the season the 
year during which 
shipment is to be 
made, the place of 
stowage, and the prob- 
able length of voyage 
are known or can be 
ascertained, an _ esti- 
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(TEMPERA TURE OF THE CORN AS LOADED 


2 = CONDITION OF THE CORN AS LOADED 
EE = CONDITION OF THE CORN AS DISCHARGED 


Fic. 72.Correlation of the temperature and condition of the corn 
as loaded and as discharged. (Cargo No. 9.) 


mate of the condition of the corn on arrival can be made in advance. 
95190°—19—Bull. 7647 
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